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FORBEWORD

The research discussed in this report was accom-
ished as part of the Product/Prcduction Engineering
aduate Program conducted jointly by USAMC Intern

Training Center and Texas A8M University. As such, the
ideas, concepts and results herein presented are those:
of the author and do not necsssarily reflect approval
or acceptance hy the Department of the Army.

This report has been reviewed and is approved for
release. For further information on this project con-

tact: Professor T. F. Howie, USAVWC-ITC-PPE, Red River
Army Depot, Texarkana, Texas 75501.

Approved: ; |

essor T. k. E, P.E. , -
Chairman, Department of Product/Production Engineering

For the Commandant
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. TT, Director
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“reoxtreme gprosd neasure of dispersion was used to establish

accentance and relection criteria for new barrels ond to ‘
estublish thae anount corresronding to a worn out barrel., r--
It 1s the purpose of this report to analyze the data
.eolloectod to deternine Af the extreme spread is the most
reliable precictor of barrel serviceability, of the four
neasure of dispersion recorded., These were the eutrene
vortical, the extreme horizontal, the extreme spread, and
the mean radius.

It is the conclusion of this report that the nean
radius is probably preferable to the extreme spresd., However,
the data collected has many ravdom properties which prevented
a definlte conclusion being obtained,
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GHAPTER I
INTRODUGTION

origin of Probler

The improvement of the eflectiveness of the individ-
ual soldier has been & motivating force behind improvement
ardl medificatlions of hils weapoha for centuries. This has
sontinued to the present wiuh modifications to the ML6AL
rifle used by troops in Vietnanm, |

One of the latest developments ia the chrome vlating
of the bore of the M16Al rifle. This modificntion was
developed in response to the barrel fallure rate encountered
during the rifles use in Vietnam, The fallure ratd was due
to corrosion caused by the environment in which the rifle
was placed, and the erosion of the bore, especially the
helght of the lands near the breech of the barrel. Tho
erosion was caueed'by a combinaticn of high tenperature
from the burning of the nitrocellulose powder, the mechani-
c&l rubbing of tue projecticle on the lands of the riflingzs,
and the cutting effect of gases moving at high velosities,
When the charge detonates phe temperature may reach 2500°
Centigrade., This heat tends to burn out the carbon from
the steel whioh asoftena 1t, By chrome plating the bore,
it 18 exvected that the corrosion problem will be elinine-

ated, ard a slgnificanc reduction in the anount of erosion
1
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Problei Definition _

Chrome plating tic bore cf small caliber weapons 18
relatively new and little ia known about the effect of tne
plating on the asccuracy of, and the expeated 1ife of, the

barrel. Hovever, it was felt that a new erosion penetra-

tion gaze would e required to allow for the effect of the

plating and the expscted differences 1ln the wear charactenr

1gties. Thie is a tool ussd in the fleld to determine the

5 . agcuracy and serviceability of MI6Al rifles, To callibrate

T I AT P R I T P e

e new eroaion peneiration zage, a test nrogram (Number
TPR-SAL-T3-P025) was initisted at Roeck Ialand Arsaenal,

The barrels used in thils test are samples from three

manufacturers, These are Colt which provided the complete
rifle, laremont which provided only replacement barrels,

and General lMotors whloh provided the upper recelver along : |3
with its barrels. The three manufacturers are coded C, N, 1

and Gl respectively. The weapons were rired for acocureacy

and cleansd after each thousand rounds fired., The accuracy .
checl: consisted of firing ten rounds at each of three targets
for each rifle, The range used for the accuracy check was
100 yards., The person firing the rifle used a bench rest :
technique with both the rifle muzzle and his elbow supported.
The accuracy data s recorded in Table A-1 of Apvendlx A.

It inocludes the measurvmnents of the extrene Spréad, the
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extrene horizontal, the extreme vertiocal, and the mean
rediun obtalned from each target., Data from barrels
¢exposed only to ball type aumunition are used in this )
report, waavor. aatsa on barrels exposed to tracer type
spmunition are available. The firins rates were not the
same for all the barrels usod in this report. Ha.. of the
barreloc were fired at a rate of 60 rounds per ninute while
the other half were firoed at a rate of )00 rounds per
minuce, After oaph 100 rounds fired the barrels were
cooled to amblent teiperature by forced alr cooling for
not less than ten minutes,

In the performance of this test, linits were set
based on the extrere aspread measure ol diapersion. For a
nev barrel to be accepted the averape value of the extreme
spread obtained {rom the three tarseta had to be less then
five 3inches, if not the barrel was relaced. During the
runiing of the test a barrel was assumed worn out when th
evererse valuoe of the extreme sprend reached seven or nore
inches, Tho'évozuged°vc1ue was used to reduce the effect cof
& set of extreme points which could b ceused by elther
bad ammunition or humen error os the tester.

It e the purpose o this report to analyze the data
colleatod duving this test to determine if the measure of
dispcrolon used 1s the most reliable predictor of the

prceccision of these barrels, Frecision 1s used rather than

e L
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aséuracy beéaune‘accordins‘to'drubbsf(ei.-precigion rereﬁi,‘

‘to the Alspersioh of tie bullets about thetr own nesn or

_center of 1mpnnt. Wheroaa aucurnoy includos not only ‘the ~'f‘fA”ﬁ

« e aro

raund-to-round precision but also the nloaenoss of the mean
or center of impaot to the aimins point on the tarmot.
Anproaoh to Solution ,

The firat ttep towards a solution to thie problam is
to establish the dea;rgd approach. To do this a oclear
understanding of the mQaaing of "most reliable predictor"
is & neceasity. The meaning of "most rellable predictor®
Ain this report 1s that memsure of disperaion whose Aifferw
ence between lts upper and lower probabillty limitsyis the
smallest with reapect to the total nﬁmbcr of rounds fired.

The upper and lower probability limits are determined
for each measure of djispersion using that measure's crit;oal
value.. A measure's critical value is defined as that
numerical value which indicates the barrel 18 no longer
serviceable, The critical value of each measure is calcul-
ated such thaé it represents the expected valﬁe for that
measure when the critical value of the extreme. spread is
equal to seven inches. A8 previously mentioned, th1§ ls
the value used by the arsenal during testing to indicate

when a barrel was no longer accurate enough to remain in

¥Nunbeis in parenicheses refer to numbered references in
the Llst of References.
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servi CO.
The probability limits for sach meabure of dismrersion

can only ﬁe estanlished aftsr the form of the distribution

has been identified. The assumption 1s made that the
distribution of the sample data at each thbusand rounds
fired and for each measure of dispersion came from a popula-
tion that is normally distributed. This assumption is
checked using Lilliefors' test statistic.

If the above assumption is correct, the upper and

" lower probability limits can be calculated from a table of

tolerance factors for normal distributions. These limits
can ther. be projected to a total number of rounds fired.
.The difrérence is calculated by subtracting the value of
rounds fired ubrreSporaing to the upper limit from the
value of rounds fired corresponding to the lower limit.
The measure of dispersion with the smallest difference 1s

the "most reliable predictor" of the ones tested for the

1416A1 rifle with chrome plated bores,

- s - s b it ke sl R L g X i fikars
L bl ln i e g ke it A L i A . ; i
PP TIPR N W 22 ’ il

The literature review, Chapter II, contains a review

of Lilllefors' test statistic used in the test for normal-

e e gl

ity and an expienation of the four measures of dispersion

and their 1nterrelationship. Chapter III contelins the

results obtained usinz Lilliefors' test statistic to test
the normality of the distributions and the concluslons

reached for each measure of dispersion at each thousand




rounds fired, The procedure used to establish the upper
and lower probability limits for each measui'e 18 dlscussed

in Chapter IV. The oonclueions'and recommendations are

stated in the last chapter, Chapter V.,
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CHAPTER 1I
LITERATURE REVIEW

. Hoasures of Dispersion .

‘When & rifle or other small arms weapon is fired at a
‘vertical target & two-dimensional pattern of impact points
results which are scattered depending on the round-to-round
aiming error and the normal ballistic dispersion, This two-
dimensional shot pattern produces various measures of
dispersion, |

The various messures described in Grubbs (2) include
the extreme hbrizontal dispers;on (E4), the extreme \
vertical dispersion (EV), the mean horizontal deviation,
the mean vertical deviation, the radial standard deviation,
the mean radius (¥R), and the extreme spread (ES). This
report 1s concerned with four of these measures EH, EV, ES3,
and MR.

The EH and the &V are the simplest and the easiest to
measure. Projecting impact points on to 2 x and y graph
gives each point a horizontal and a vertical value., EH is
the difference betwéen the greatest and the least values of
the x co-ordinate, and the EV 1s the difference between the
greatest and least values of the y co-ordinate. It should

be noted that thesec measures of disporcions are univariate

7
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Another measure whinh uses the extreme points 1is

the BB, This measure is the maximua distance between all

posaible pairs of inmpeot polnts. If “ 1s used to denote

the numbor of rounds fired at & target md Xy is the

horisontal measurement and Yy is the vertical m.asurcmont

‘of & general 1mpact point and if J and k rapresent the

paip ot‘poiggs that are the maximum distence apart then

E3 1svequa1 to

\j(xj - xk) + (13 - ¥,)%  vhere § fix.
This ueasure of dispersion is alao krown as thée Bivariate :
range. .

‘ The MR is defined as the mean 6f the radial distance
from the observed center of lmpact to the individual pointes
of impact on the target. The observed center of impact 18
the mean of the horigontal values and the mean of the
vertical values. If X3 and Y4 represent the horizontal and
vertical comenents of a general impact point and n 18 the

nunber of impact points then MR can be calculated by

L}t\j(xi -2+ (1 -T2
B o .

‘For each of these measures of dispersion Grubbs (2)

has tables giving the mean and standard dewviation values
for various sample sizes., The mean and standard daviation
values given in these tables are in terms of a population

standard deviation of unity. Vhen these amounts are
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nuitiplidd by the population mean and atandard doviatldn.
or an eatimate of it, the expecisd mean and standard

Since the t&bulur values are all multipliexs of the same
quantity, they provide by themselves the ratio of the
measures nagnitude, The article by Harriscn (4) lists

examples illustrating the above procedure,

Teat of Normality

The assumption that the data for each thousand rounds

is normally distributed is checked by a test described in
Mann et.al. (5) using the Lilliefor test statistic. The
hypothesis tested is that the distribution is normally
distributed with unknown mean and veriance. This test
statistic estimates the functior using unbiased estimates
of the true mean and standard deviation. The computing
form of Lilliefors' test statistic 1is

Dn » max (di). (1)
lefiern

The value of d4 is obtained by
dj = max E‘(xg_;i,s) -~ (1-1), (2)
1 = F(Xj_;;(.,sﬁ .
n

X and 8 are unbiased estimgtes of the population mean and
standard deviation. F(x;i,s) is the cumulative standard
normal distribution function @ (Y), with Y equal to

(x - X)/s, If the value of Dn exceeds the critical value

. i i e e el il ik ek 25 A Ak i

.‘ﬁqviwﬁxon velues for the respective measures are obtained,




in Table 1 corresponding to the sample size used and the
significance level desired then the hycothesis is rojected.
TABLE 1 -

Oritical values of Dn Corresponding
: to Test Significanze lLeve)

Banple Significance Level
s;:o ' ,

4 «300 319 352 381 .7
6 265 27T 294 9,364
8 233 244 261 .285 331
10 215 226,239,258 294
12 «199 212 223,242,275
14 .183 A9 207,227 28
16 173 182,195  ,213 250
18 .166 173 184,200 239
20 160 166 174,190 .23
30 131 36 a4 160 187

Over 30 ,156 1 768 ,8%5 886 ;,0&1
. n n n n§ n:
These vealues tabulated by Lilliefors are based on a Monte
Carlo simulation using a scmple size of 1,000, The values
have been sudbjected to some smoothing,
Chapter III explains hov the Lllllefor test statistie

18 used and conteins the results of the normality test

based on this teat étatistic.
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of the sample data &t each thousand rounds fired and for
~ each messure of dispersion cane from a population that is

OHAPTER 111
. NORBALITY TEST

Lilllefors' test statistio given by Equationil, on
Page 9, 1s used to test the mssumption that the distritution

normelly distributed. The data tested ia iLhat of Table A~2.
This data is obtained by averaging the data for each barrel
supplied by the arsenal, Table A«l. Averaged data 1s used
to correspond with the limits established by the arsenal.
The three values of MR for bharrel oms‘at 1,000 rounds fired
are 0.84, 0,82, and 0.70. The average MR value for this
barrel is 0.786, This averaged value becomes one data
point on the MR distribution at 1,000 rounds fired,

The Lilliefor test statistic roduires the data points
of each distribution be normaliied which requires the mean
(%) and the sample standerd deviation (s) for each

distribution. The X and the s values are calculated using
Equations 3 and 4 rospectively.

T £ (3) :

7 2 : | ' ;
yu | - (4)
T |

11 | 1




Xg'iq the velue of the ith data point and N is the total
mmber of date points. N for this report is equal to
twelve, Thb»oum of the MR values for gero rounds fired.

from Table A-2 1s 14,255, This value diyided by N is 1.188

which is the X value 1listed in Tabl: A-6, The value of s,

Equation 4, is caloulated in & éimilar manner, The valuoes

of X and & for onch.diatrihution and for each messure of
dispersion are 1isted by total number of rounds fired in
Taeblea A-3 thru A-6. Normalization is accomplished by
subtracting the X value of the distribution from the value
of the data polint and dividins_the'result by 8. The
resulting solution is called the z value.

The normelized valuse, or z value, is converted to &
normal value by using a table of cumulative probabllities
for the Normal Distribution found in Duncen (1), Equation
2 is calculated by setting the value obtained from this
table equal to the F(x4;X,8) terms. After caloulating éll
the dy terms, Dr of Equation 1 is simply the maxlirun dy
value obtained. The value of Dn is compared to the eriticel

value of Table 1 correspondinz to the sample sige and

~ 8ignificance level desired.

Tebles A-T7 thru A-10 contain the 2 values, their
corresponding cumulative normal values, and the two values
used to obtaln each 43 vilue, Tables 2 thru 5 list the Dn

values for each measuro and éomparea the Dn value with the

SUNANTV PSP PRLPET SRS S LN}
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TABLE 2
Dn Values for Extreme Vertisal - .
Rounds Fired Dn vuun‘ Greater than Oritical Value
0. .09853 X
1000. 17393 X
2000, 15043 X
3000.. « 20043 X
4000,  ,16836 X
5000. .11576 X
| 6000.. +13066 X
| 7000.  .14853 X
8000. .18403 X
9000, .15283 X ;
© 10000. .09616 X 5
11000.. +14393 X %
12000.. 27933 X ;




i
14
k | TABLE 3 i
% - Dn Values for Extreme Horisontal o
E Rounds Fired Dn Values Greater i.:u.n oritical Value
P 0. . 20100 X |
; % 2000. .13383 X
g § 2000, 14583 X
b 3000.. 18066 X
‘ 4000, .14540 x
5000. 14653 X
6000, .12893 X
7000, «26600 X
8000. 17556
9000, 16503 :
10000.. .10193 X ;
11000, 21733 X 3
12000, 15609 X |
|
L
) o R ——— RA— I'Idﬂ




TABLE &
Dn Values for Extreme Spread
Rounds Fired Dn Valuea Greater than Oritioal Value

0. «18679
| 1€00. 15549
" , ’ 2000- 17146
" 3000, +16853

xxxxxxxg

- 4000.  .15336
E - 5000, 14599 ',
: 6000, ,10826
i 7000. .25216 X g
| 8000. 15973 X ]
L 9000., .14870 X |
;; 10000. 14320 X

5 11000. .15506 X

. X [

12000. 17943

J O T i i lrdma
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TABLE §
Values for Mean Radius

Rounds Fired Dn Valuss Greater than Oritical Value

—~ 88 No
0. 12686 X
1000. .17896 X
2000. 18546 X
3000.. » 20966 X
4000, 16780 X
5000. .18013
6000. «13996 X
7000, « 27226 X
8000. «15436 X
9000., .17663 X
10000. 13716 X
11000, 11733 X
X

12000. 14736
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oritical value, The aritical value from Table 1 for a
sample of size twolve and a significance level of 0,20 ie
«199.

| To 11lustrate how the values for the above tables are
obtained, a value of IR at 1,000 rounds fired will bs
examined. This value lr found in Table A-10. The = wvalue,

oolunn one, for th‘ eleventh data point ia 0,6990 which
coniortl te a normal value, column two, equal to 0.7377.
The 43 value 18 equal to the maximum of 0.7377T minus
(11-1)/12, or 11/12 minus 0.7377. The first ocaloulation,
column three, 13 negative since 10/12 is larger than 0.737T7
| and is equal to -0,095., The value in the fourth colunn is
E; positive since 11/12 is larger than 0,7377 and 1s equal to
 0.17896. This value is 4 for this data point and in this

e A Ao 3 e 2 e it 4 .

cese is also equal %0 the Dn value shown in Table 6 for
this distribution.
The test results shown in Tablea 2 thru 5 clearly

indicate that for 837 of the distributions the hyrothesis
that theoy came from a normally distributed pcpulation could
not be rejected. On the basis of the results of this test
S 1t i1s declded that the distributions represent samples from

é r a population that 1s normally distributed. t

Chapter IV discusses the method used to establish the
probability limlts and the results obtalned using these
limits.




QHAPTER 1V
ESTABLISHING LIMITS

Sinoe the distributions are nornally distributed the
upper and lower probability limits can be established with
respect to the critical value for each measure of disper-
sion, The oritiggl.valueiqr the aversged ES 18 set equel
to 7.00 inches. This is the value uséd during testling to

deternine when a barrel was worn out; if 1s used hers to

calculate the corresponding expeéted values for the otheyr
measures., These calculated expected values are the criticql
values for the respective measures, and they are calc lated
in Appendix B. The critical values of EV and EH are the
same since the assumption is made in Grubbs (2) that the
true or population standard deviation in the horlizontal and
vertical directions are equal. The critical value of EV
and EH is 5,66 inches while the MR critical value is 2,19

inches,

The lower and upper probability limits are determined
by Equations 5 and 6 respectively.
Lower Limit P(L -x) < (X + Ks)) = 1 (5)
Upper Limit P((L ~«)> (X - Ks)) =7 (6)

X and 8 are defined by Equations 3 and 4 on page 11. «,7, 4
and K are the alpha, gamma, and tolerance factor values

obtained from the itable of Tactors for normal distributions
18
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for the one-asided test compiled by Hald (5); Table 6 is an

extraction from thls table for a sample size equal to

twelve, 7 e
TABLE 6

Tolerance Factor Velues
for Sample Size = 12

Gamma Alpha X
<95 .01 3. T4T
.95 .10 2,210
«95 .25 1.366
.90 . .01 3.371
.90 .10 1.966
.90 .25 1.188
«T5 .01 2,851
75 .10 1,624
.75 .25 0.933

Alpha representé that proportion of a distribution
which is elther greatér than or less than the critical
value devending on the limit under consideration as
indicated in Figure 1. .

Ganma is the level of significance or the anount of
risk that can be tolerated 1s equal to one minus gamna.

The smaller gamna becomes the lower the singnificance of the
test and the higher the risk becomes of malking an incorrect.
decision,

Ccalculations of X + X8 and x - Ks are made by holding
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the value of gamma and allowing the alpha and K'valﬁes io
vary. Then a different value of gamma 1s selected and the
process 1s‘repeated. These calculations are made for eech
distribution of each measure of dispersion. The results of
these calculations are coﬁﬁained in Tables;A-ll thru A-14,
The lowef 1limit for any measure éf dispersion is the'total
nunber of rounds fifed corresponding to the first distribu-
tion whose X + Ks value is equal to or greater than the
critical vélue‘for that measure. For the general measure
of dlspersion shown in Fipgure 1, the lower limit occurs at
5,000 rounds fired. The upper limit is the same except
X + Ks is changed 10 X --Ks& and occurs at 10,000 rounds
fired in Figure 1.

Figure 1 1s a plot of a general measure of dispersion
verus the total number of rounds fired, The shaded area 1is
equal to alpha., The relationships depicted are those of

the alpha value to the critical value and those oi the

upper and lower limiis to the total number of rounds fired.

The calculation of X - Ks for the upper limit exceeds
the critical value of all the measures of disversiqn used
in this report for only one combination of samma and alpha
values. The gamma value is .75 which 1s the least signifi-

cant figure tabled and the alpha value 1s .25 which 1s the

largest proportion of the distribution tabled. To keop the

provabilities of ZTquations 5 and 6 on page 186 equel, the

[ SRS
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gaﬁma velue for detefminins the lower 1imit is held at .75
while the alpha velue is allowed to vary., Using higher
values of gemma would only tend to separate the lower and
upper limits for some of the measures.of d;spersioﬁ. For
instance, 1f gamma is allowed to equal .95 the lower limit
for the EH, the ES, and the IR is equal to 4,000 rounds
fired. If this value of gammea was used, it would be
necessary to find a way of comparing the two different
levels of significance before the value of d, the difference
between the upper and lower'limits. could be calculated.
The dlfference values for'gamma equal to .75 are shown in
Table 7..

' TABLE 7

Comparison of Limit Differencés
Gamna = .75

Measure of Alpha Uvpper Lower Difference

Dispersion Limlt Limit d
EV .01 11,000 4,000 7,000
EH .01 11,000 5,0C0 6,000
ES .01 10,000 4,000 6,000
MR .01 10,000 5,000 5,000
EV .10 11,000 6,000 5,000
EH .10 11,000 5,000 6,000
ES .10 10,000 5,000 5,000
MR .10 10,00 6,000 4,000
EV .25 11,000 §&,000 3,000
EH .25 11,000 6,000 5,000
ES .25 10,000 7,000 3,000
i .25 10,000 7,000 3,000

The results shown in Table 7 indicate that for zamma

equal to .75 and for alpha equal to either .0l or .10 the

T
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smallest difference obtained is for the 'R measure of
disversion, when alpaa 13 equal to ,25 the results are
inconclusive,

Chapter V contains the conclusions and recommendations

arrived at as a result of this study.
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CHAPTER V
CONCLUSIONS AND RECOIfIENDATIONS

The first signifiocant conclusion indicated by this
study is that the average of disrersion patterns tend to be
normally distrituted. Of the 48 Aistributions tested, the
hypothesis thot the samples came from & population that was
normally distributed could not be rejected in 83% of the
cases, Of the rejections 377 occurred for distributlons at
7,000 rounds fired. This indicates that some unknovwn
influence was at work during the accuracy checks at 7,000
rounds fired.

The unknown influence could have orizincted in
several ways. One possibility is fatique of the marksnman
performins the test, Also it is not known 1f nore than
one marksman wes used during the testing program. If a
different narksman fired the accurescy checks for the 7,000
rounds fired test, this would influence the distribution,
These procblems apply equally to all the data collect., It is
recommended thet a bench vice system be cesigned to reduce
the possibility of human error since the accuracy of inter-
est 1s that associated with the scrviceablility of the barrel
and not the ability of & marlisman.

The conclusion reached in Chapter IV that the kR is

the nost relicble predictor of accuracy when alvha is equal
24
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to .01 or ,10 is only true if the data on which the conecluw-
sion 18 based ia good data, As already mentioned there is
some doubt the data is good due to the way it wes collected,
Another problem with the data is that it is not complete
for all barrels tested. A plot of the averazed iR data for
three barrels is found in Figure 2, From this it is deter=
mined that at least one and probably two of the barrels are
not worn out., This 1s one reason the calculations of
X = Ks for the upper 1limit in Chapter IV only exceeded the
eritical values when gamme wos equal to .75 end alpha was
squal to ,25. The test had to become unrestrictive enough
to eilow Ffor the data of the ood barrels.

Figures 3 thru 5 are zraphs of the three extreme
me:. Ires of dispersion, the EV, the EY, and the ES, for the
seme parrels as graphed in Figure 2, Barrel number GN4 is
graphe” in Figure 3, All three measurcs show the same infor-
mation as obtained from Figure 2 for this barrel., Figure &4
contains the graphs for barrel number M7. The disconnected
lines are the results of data points having values greater
than could be represented on the graph. Althoush two of the
extreme measures indaicate the barrel is worn out at 7,000
rounds flred, all the measures includinz the IR of Flgure 2
agree tha* by 8,000 rounds the barrel is worn out. Flgure
5 1s the sazne graphs for barrel mumber C8, The three

extreme neasures for this barrel do not a~=ree., The EV, the
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E3, and the EN indicate resvectively that tho barrel ls
worn out at 9,000, 10,000, and 11,000 rounds fired. The 'R
indicates that only the value at 11,000 rounds fired is
greater then the critlcal value, \hiech 1s the corfect
value? It is inpossiblo to tell frow the data collected,
Perhaps the best coneclusion is tint the barrel 1s not yct

worn out and the vaiuus obtained at 11,000 rounds fired is

due to the random property of the data, It is recounended
that the test on any onc barrel not be terulnated until a
trend is established th-.t elenrly indicates the barrel 1ls
worn out and thﬁt the random property is not the reason for

torminating the tost.

The berrels used in this test were samples from three
manufacturors and are coded G, C, and . Table & is
instructive as o icans ol comrarinzg the different manufac-
turers, The second colunn i1s the number of barrels that

have MR values greater than the criticeal value. Column

three contains the mami’acturers code and the scrial numbers
of the barrels whose MR valule is smaller than the critical
value. Onoe manufacturers code, 1, is conaplcuously absont
from colwin three from £,000 rounds firecd on, It ig
concluded fron this tavle that elther the barrels produced

by this manufacturer are ol inferior quality or there ls a

hish correlation between the rate at vhlch o barrel wears

ovt, and the asgsociuvted Lnyrdwore supnlicd with the bareel,

o AN S AR AL o s Evnis 7t T e e e e T o n b S e SR MR
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TABLE 8
Qomparison oif Manufaocturers
Rounds Number of Good Barrcls
Fired Bad Parrols
7,000 2 o1&, GM5, GMT7, GNM8,
o4, 05, 67, 08,
Ms. M?
8,000 5 GM4, GNS, GM7, GNB,
c4, 05, C8
9,000 8 GM4, GMS5,
o4, ©8
10,000 10 ¢5, C8
11,000 10 a4,
C4
12,000 9 M4, GUS,
08

RPN R AT A
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APFENDIX A ¥
TABLES AND FIGURZS T

Abbreviatlions used in this appendix are:

EV Extrene Vertical
EH ‘ Extreme Horizonteal
ES Extreme Spread

MR Mean Radlus

RDS. FIRED Rounds Fired

MFG Manufacturers Code and Barrel
Serlial RXumber,

R R n e d HETL o e Sl AR - -— el e e et e i U il e e Lo s R et e




TABLE A=l

3.38 354 3.73 1.59 1000, OM¢

DATA OBTAINED FROM ARSENALt

EV EH ES MR RDS. FIRED MFG

4.12 3.14 4.20 1.47 0. GM4

4.31 3.87 S.13 1.57 0. GM4

: 3,35 2.98 3.58 1.09 G. GM4

' 3.45 2.22 3.53 0.95 O. GMS

3.13 3.15 3.72 lel4 0. GM5

: 4,15 3.72 4.27 le52 0. GM7

! - 2.60 2470 2.75 1.07 0. GM7

: 4.37 3.35 4438 1.31 0. GMT
3.74 2e%5 4.11 1.09 0. GvMB {

Re45 2.11 5.62 l1.22 O. GMy

3.64 4,07 430 le42 0. GM8

3.20 2.18 3.26 1.01 O. Ca4

2.83 3,91 3.91 l1.12 0. Ca

7.21 3.19 T.22 1.94 O. Ca

3.79 2.01 4.00 1.01. . Oe. cs5

.74 1.83 3.006 Ue 33 0. CS

3.44 2.93 3.80 1.32 0. C5

2.89 le71 3.03 Q.83 Q. c?

l1.81 0.85 1.83 0.55 Oe c?

1.37 2.54 2.65 0.93 O. c7

4,68 3.77 558 171 O. cs

2.35 2466 2.91 l.08 O. (oF:

3.206 4.44 4.58 1.65 0. cs

1.83 3.09 3.40 0.93 0. M4

2.57 3.59 3.93 1.38 O M4

3.64 . 3.93 4,09 l.27 O. M5

2.08 2+58 2.98 VeS6 O M5

2.84 2.06 293 Ve99 O. )

3.70 3.04 4.79 1.07 O. M7

l.80 4e35 4.40 Le2% O. M7

2,50 3.00  3.47  1.19 0. M7

B 2.56 3.78 4,10 1.38 0. M3

k- 2.35 2419 2.48 1.02 O Mi

5091 3.07 6005 1.63 00 M8

: 2.89 1.93 3.16 leG2 1000. G
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TABLE A-1 (Continued)

DATA OBTAIMED FROM ARSLNAL

kv EH €S MR RDS. HIRED MFG
3.35 1.50 3,36 U84 1000, GM5
2.37 2.04 2472 .82 1000, GM>
2.20 1.90 2421 0.70 100U, GMS
3.17 4.11. 4419 1.33 100G. GM?
3.19 2+48 3.95 1.18 1000. oMY
4,11 4,22 4.87 1.50 1000, oM7
3.70 2.86 4.18 154 1300, GMg
2.48 2.77 340 1.33 10006. GMa
3.8V 1.86 381 1.28 10u0, oMg
2.94 2e4l 3.33 l.0b 1000, Ca
5,09 4,00 5.79 l.39 1000. C4
2.06 2449 2.86 0.96 1000, Ca
2.56 2.50 2.95 1.09 1000, CcH5
3.38 3.20 3.38 1.19 1060, CcsS
4,31 3.37 40406 le46 1000, CH
4.38 3.49 4,83 1.61 1000. 7
2.35 3.30 3.97 1.23 1000. c?
4.33 3.08 4,66 1.25 1000. c?
4.23 3.91 4,48 1.%6 1000. cs
4.87 4.19 540 1.94 1000, Ccs8
3.39 4e35 5010 1.30 10G0. cs
2+40 1.98 2.58 Ue.81 1000. M4
1.96 2,22 2.38 0.88 1000, M4
2.97 2.16 3.13 0e95 1000, M4
2.07 3.11 3.11 0.92 1000. M5
4.26 3.28 4.88 0.98 1000, M5
l1.65 2e 94 2496 OC.84 1000, M5
2416 3,86 4,42 l1.15 1000. M7
5470 2.8% 6.17 1.49 10G0. M7
l1.57 2412 2+49 D76 1000. MT
4.08 2484 4,30 1.25 1000. M8
1.35 1.93 2415 0.66 1000. M8
2.94 2.54 3,15 0.96 1000, M8
2449 2.68 295 1.12 2000. GM4
3.16 2.27 3.38 1.25 2000. GM4
2.36 3.79 3.94 1.29 2000. OGM4
3.18 4026 4440 le14 2000, GM5
4$.99 2¢57 4 .99 l.44 ZOUOQ GMS

=3

5;
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217
3.11
3.81
3.38
4.26
3.20
1.95
2.91
4.04
3.25
l1.59
2.49
2.56
2631
2.35
l1.78
3.96
5.57
3.45
2.80
2.88
3.19
2.77
4.12
2.34
cev2
3.32
1.91
3.6%
.13
“.22
1.52
3.26
5.09
3.05
5.57
2.70
2.217
2.81

TABLE A-l (Continued)

DATA OCTAINED FROM ARSENAL

En

207
2.14
3.20
2.68

3.49

3.19
2.02
2.81
3.39
2.47
3.17
2033
3.05
2.75
2.88
l.64
3.04
3.71
3.42
3.43
2.23
1.06
295
3.40
4.63
2.49
3.64

., 273

le96
3.47
3.66
2.10
1.94
1.73
l.67
254
3.30
1.50
“.07

ES

2.41
3.15
Go71
3.77
434
3.43
2.02
3.46
4.07
3.58
3,19
2496
3.31
3.30
3.58
1.97
4.14
6.69
3.85
4.43
2.91
3.19
3.0
4.93
GaT4
3.36
4.23
2.82
3.70
4435
517
2.16
3.50
5.10
3.08
5.61
3.67
2434
4.13

MR

0.89
1.11
1.20
1,14
ledat
1.29
079
1.20
1.33
1.22
0.92
111
1.17
1.00
1.00

066

1.38
1.65
l.43
1.15
1.04
0.96
1.14
1.40
1.17
1.04
1.53
0.80
0.94
l.52
1.27
C.72
0.98
1.53
1.00
1.62
1.09
0.85
1.54

RDSe. FIRED

2000,
2000.
2000,
2000,
2000,
2000,
2000.
2000,
2000.
2000.
2000.
2000.
2000,
2000.
2000,
2000.
2000.
2000.
20060,
2000,
2000.
2000,
2000.
2000.
2000.
2000,

2000.

2000,

2000,

2000,

3000.

3000,

3000,

3000.

3000.

3000.
3000,

3000.

3000.

MFG

GM7
GM?
GMT
GM8
GM8
GM8
C4
Ce
Cé
CS

C5
c7
c?
c?
cs8
cs
ce
M4
M&
Me
MS
M5
M5
M7
M7
M7
M8
M8
M8
GM4
GM4
GM4
GMS
GMS
GMS
GM7
GM7
GM7
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Ev

4.26
4480
.81
1.89
3.41
3.66
3.23
3.87
2.80
1.87
3.89
5.15
3.09
2.83
4.09
2453
2.14
2.65
3.81
1.24
3.48
2.54
2.91
l1.67
2.18
4.83
1.85
3.61
3.10
3.70
5.02
3.11
2.11
4.15
2.60
4.37
3.79
5.60
5.19
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TABLE A=l (Continued)

DATA OBTAINED FROM ARSENAL

EH

2.89
2.63
2ecl
2.59
2.97
4,29
3.56
2.33
2.25
2.12
2.75
3.24
2.83
2.76
5.79
2.49
3.15
5.11
3.20
2.43
3.05
2.93
5.28
3.08
2.47
3.24
2.76
1.71
3.1
3.03
1.43
4.01

2.70 .

3.72
2.70
3.35
2.76
5.56
2.72

ES

4,26
4,91
4,8%
2459
3.99
4.58
4,26
3.91
3.01
2.81
3.90
Y.21
3.19
2.96
5.8¢
3.37
3.22
549
4e12
2eh4
3.66
3.27
.85
3,11
2.59
50211
2.78
3.83
4,438
3.71
5.18
4,26
2.73
4,217
2.75
4.38
4,05
6.02
Y36

MR

140
152
1.18
0.89
1.31
1.51
le16
1.27
0.89
0.80
la11
l1.60
1.30
1.33
l.49
Ue8Y5
1.13
leb2
1.32
De82
1.1l
l1.U8
1.36
Je92
0.85
1.51
0.81
Q.94
1.04
1.21
1.06
le%1
l1.04
1.52
1.07
L.31
1.22
220
l.64

RDS. FIRED

3000.
3000.
300G,
3000,
3000.
3000.
3000,
3000.
3000,
3000.
3000,
3000.
300U,
3000,
3000.
3000.
3000.
3000.
3000.
3000.
3000,
3000.
3000.
3000.
3000.
3000,
3000,
4000.
4000,
4000.
4000,
4000
4000.
4000,
4000,
4000.
4000,
4000,
40u0.

MFG

GM8
GME
GM8
Cé
C4
C4
s
cs
5
c?
C?
c7
cu
ca
cy
M&
M4
M4
M5
M5
M5
M7
M7
M7
M8
M8
M8
GMé4
GMé4
GM4
GMY
GMS
GM5
GM7
6T
GMT
GM8
GM8
GM8

37
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TABLE A-l (Continued)

DATA UBTAINED FROM ARSENAL

£V EH ES MR RDS. FIRED MFG
2.49 2.00 2.67 0.75 4000. C4
2.89 3,00 3,28 1,28 4000. Cé
4,31  2.07 4.5 1.26 «000. Cé
6,00 2.85. 6.15 1.48 4000. c5
1.85 3.79 3,98 0.98 4000. cs
4.10 4435 5.73  1.19 4000, cs
3.33 2.47  3.50 1.21 4009. c?
L 3.59 4438 S5.16 1.73 «000. c?
161 2,02 2.44 0.78 4000. c7
3.49 2,19 3.56 1.09 4000. c8
2,59 2,22  2.90 0.84 4000. cs
4,27 3,28 4467 1.36 4000, - c3
480 2.88 5.00 1.53 4000. Mé
5.88 3.83 5.92 1,177 4000. M4
3,22 8.70 9.28 2.03 4000. Mé
4e3] 4,92 6.54 1,65 4000. M5
6415  2.91  6.15  1.64 4000. MS
3.54 2,46 3,64 1,29 4000. M5
2.52  2.50 2.69 1.19 4000 M7
6.03  4.13  6.28 1.77 4000. M7
4.05 3,45 4.44  ).54 4000. M7
4432  2.39  4.85 1.23 4000. N8
.53  2.44 4,82 1.20 4000. M8
6439  3.91 6.50 1,81 «000. M8
2.44 2.93 3,08 1.12 5000 GM4
2.33  3.26 3.26 1.16 5000 GMé
3.10 2.70 3.71 1.10 5000, GMa
3.51 - 3.43  4.80 .48 5000. GMS
4.31 3,88 5,75 1.76 5000. GMS
5.53  4.85 6.77 2.26 5000. GMS
2,06 3.77 4,19 0.93 5000. GM7
4eBl 4436 5.82 1,70 5000. GMT
2,25 5.08 5.23 1l.64 5000. GM?
3.60 3.21  3.90 1,09 5000. GM8
4,36 3.57 4.36 1.47 5000, GM8
3,26  1.77 3,27  1.02 50C0. GM8
3,02  3.55 4.07 1,33 5000. Ca
2.51  4.31 4.32 1.20 5000 Cé

1.93 2.90 2.93 1.00 5000. ~C4
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TABLE A-1 (Continued)

DATA UBTAINED FROM ARSENAL

Ev EH ES MR ROS. FIRED MFG
3.28 2.50 3.42 l1.36 5000. Cc5
3.34 4.53 5.02 le66 5000. CS5
3.06 4.28 LIX T 1.30 $000. cS5
3.22 2,96  3.62 l.28 5000. c7
5.73 3.2% 5.83 1.24 5000. c7?
3.14 5.20 5.21 1.76 5000. c7?
3.61 2.86 4419 1.51 5000. c8
5.03 2445 5.34 1.19 5000. c8
3.91 1.80 4.13 1.29 5000. c8
5.22 5.81 T.70 2434 5000, M4
l’o"‘ l‘.Qb 602." 1.71 5000. M"
6.22 3.83 6.28 176 5000, Mé&
4.13 4.96 5.89 l1.82 5000. M5

i 4428 374 5.03 1.54 5000. M5
72 2.46 “.81 1.39 5000. M5
3.51 6.05 6.05 1.50 5000, M7
6.19 5.38 T.37 1.97 5000. M7
5.25 4.10 6e3% 177 5000, M7
2.24 4ete3 4.59 1.11 5000, M8
5.9% 5.27 7.38 1.G4 5000. M8
3.22 B.42 B8.54 2.73 5000. MB
beb61 2.42 5.24 1.13 6000, GM&
4.17 3.26 “e20 1019 6000. GM‘O
2.09 5.80 6.12 1.40 6000. GMa
4.42 2.67 el l.43 6000, GM5
5.20 32.93 5032 l.€3 6000, GMS
4,31 1.36 4041 1.29 6000, GMS
4,93 ' 4.173 5.51 1.71 6000, M7
3.15 5030 6bJl0 l.41 6000. GM7T
3.0 ek 5.89 2,09 6000, GM7
5,56 3.60 5.71 1.83 6000, GM8
3.91 6.09 6.82 l.58 6000. GM8
5.52 .53 %e56 2.08 6000, GM8
4,349 3.06 et 1.49 bOOOo Cl’
4,46 5.20 T 23 1.57 6000, C4
3.81 4.21 4060 1.56 6000. Ca4
2.51 2429 2.91 J.50 6000, C5
4.01 3.86 5.22 le49 6000. CS5

4.14 3.08 4.49 La50 6000, C5
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TABLE A-1 (Continued)

DATA UBTAINED FROM ARSENAL

TR ST

gV EH £S MR RUSe. FIRED  MFG

g 3463 2.00  3.90 1.17 6000. c?
g 8467 7.03  9.4% 3,04 6000, c7
| 6.02 9.31 9,32 2.4l 6000, c7
4.32 2.94 4.41 1.69 6000. - C8
f 6¢53 3,89 6463 2425 6000. c8
g 6¢55 3,86 6.63  1.67 6000, cs
i 2.91 4443 5,01 1.25% 6000, Mb
E 8.78 ©6.79 8480 3.il 6000, M
! 3,50 1.97 3.59 1l.16 6000, M5
| 5,61 5412  7.51 2.1l 6000, M5 ‘
t 3.60 5.98 6,05 1.83 6000, M5 ;
g 5.53 4,69 5,86 l.62 60060, M7 *
‘ Tel6  5.59 8418 2,35 6000, M7

3,65 6,67 6.68 2.02 6000. M7

3,07 3437 442 le62 6000. M8

6¢37 1,75 6446 166 6000, M8

4,00 7479 T.79 2.01 6000. M8

3456 3.41 4.43 1,40 7000, GM4

3.03 2,57 3.95 1.25 7000. GM4

7.52  2.64 7.52 1.99 7000, GM&

4¢53 2,77  5.07 149 7000, GMS

€e37 3,68  6.38 1.72 7000, GMS

3.61 4432 4,65 - 1.35 7000. GMS

2.37  3.21 3.74 1.07 7000. GMT

3,80 4413 4,69  1.65 7000, GM7

5.54 5,47 6427 1.67 7000, GM7

2.94 - 2,93 3,39 1,19 7500. GMB

421  3.53 4.60 1.49 7000. M8

4022 3,90 4,49  1.36 7000, GMB

3059 4436  4e4l  1.48 7000. Ca

2,60  3.17  3.19  0.96 7000, Cé

3435  5.57 5.85  l.61 7000, Cé

2.07 3.35 3.7 1.06 7000, c5

2.57 2.44 3.53  1.06 7000, S

4.44 5,34 5,35 1,74 7000. c5

151 4.16 4,23  1.29 7000, (|

3,72 2472 4424 lao4d 7000. c7

4,91 6.58 Te45 2.01 7000. c?




TABLE Asl (Qontimued)

DATA OBTAINED FROM ARSENAL

ev ERH ES MR RDS. FIRED MFG
l1.52 3.69 3.99 1.00 7000. c8
3.93 4.04 4.48 1.40 7000, cs8
2.92 bebl 4465 1.20 7000. cs
6.57 9.28 . 9.40 30‘02 70000 M4y
S.52 9.29 Y46 2.81 7000, M4
6.01 6.62 7403 2¢57 7000, Mo
3.92 3.07 537 1.62 7000. M5
4,33 4,72 5.64% 1.88 7000, M5
%.00 9.9% 649 2.09 7000. MS
2.36 5.69 S5¢75 1.52 7000, M7
Te49 4,26 7.79 2,21 7000, M
5.55 9.08 9,038 2e45 7000. M2
6,37 6.70 6,76 193 7000. Mb
4,78 8.29 8.30 2.36 7000. M8
8,26 8.44 10,68 2.72 T000. M8
3.26 3.97 4,02 le44 §0060. GM4
2.066 3,06 3.42 1.16 8000, GM&
3,23 4.69 5.1 l1.46 8000, GM4
4.7 3.01 4¢57 1,50 8060, GM5
2.64 3.34 3.55 1.27 8000, GMS5
3.64 5.22 5.54 1.84 6000, GCMS
4.70 434 5.18 1.63 8000. GMT
6.09 Te34 7.81 2,52 8000, GMT
6.58 .66 6.90 1.97 8000, GM7
4.03 3.06 4.07 o7 8000, GMY
6.07 4,08 6.48 1.75 8000. GM8
9.83 6.60 11,49 253 8000. GLM8
3.18 - 2.28 3.82 1.08 8000. Co
4,72 1.75 4,83 1.56 8000, Ca
6.67 6.32 T.60 2.09 8000. C4
4.50 2.18 4455 l1.34 8000. cs
3.75 4sl1l4 5.19 1.50 8000. c5
2,83 4,34 4,44 1.40 8000. C5
2.81 4ol2 .27 1.50 8000. c?
7.00 B.63 8.67 2,59 8000. c?
8.28 4.52 8.82 2,63 8000. c?
4,05 4.10 4.11 1.66 8000. cs
4.82 2.63 4.84 l1.32 800C. cs
4,52 2.72 4.62 1.48 8000. cs
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TABLY A=l (Continued)

DATA OUBTAINED FROM ARSENAL

eV EH ES MR RUS. FILRED MFG
4,60 1.79 8.00 2.43 8000. M4
6.50 8,52 Be.67 3. 18 8000, M
1.09 5.19 8.03 2.0% 8000. M4
4424 6,07 6.89 2.37 800V0. M5
T.78 4.5% 8.0% 2.34 8000. M5
T.17 7.02 B.07 2.75 8000. M5
6.74 10.91 124206 3,77 8000, M7
6.88 T.46 1ULLS 3,38 8000, M7
9.77 10.%% 10.56 3.93 80UV M7
6465 8434 Ueb4 2.10 8000. MY
4,93 1.50 l.84 3,04 80VU. M8
8.20 3.77 BebS 2.54 8000, M8
3.87 Le65 3.90 l1.18 900U . GMe
; 6.90 2.55% 6.51 l.43 9000. GMa
i b SPRAY 3. V4 590 l1.48 9000, GMG
; 3,21 1.83 3,42 1.02 9000. GMS
- F 4,94 4,57 5.01 1.97 9000, GMS
2 6.02 4 12 6675 2.23 9000. GMs
L f 5.26 4.%3 5456 2.0b 9000 .« GMT
& 6.20 13.21 13,24  4.08 9000. GMT
- 4.2]1 B.53  B.T6 2433 9000, GMT
X 3.87 6.80 7.07 2.21 9000. GMY
Te36 7-87 | SVPR-3] 2.6% 90U0. oMg
E ) i 6.70 .33 T.32 2400 90U . GMB

‘ ’ 307‘0 2.‘)5 307, 1.26 9000. C" - -

3.83 3.44 A X 1.56 90UG. C4 &

6.806 5,55 6.91 2.18 900, C4 5
‘0.’08 ‘0.72 5.52 1055 QOCU& CS
10.67 6.66 11,03 3.02 9000. (o)
7013 6019 7055 ?-37 9000« C5 :

6400 4,92 6.89 1.89 9000. (o 1

; Teb4 T.22 8430 2.91 9000. c? :
& _ 6.53 4,84 6-81 2.26 9000, c?
. 8.65 4,87 8.85 2437 9009. c8
: 4.59 8.31 Beal 3.13 9000. M4
T7.39 6.10 T.63 2.93 9000, M4
7.19 9.0% 9,07 2.90 9000. M4
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TABLE A-l1 (Continued)

OATA OBTAINED FROM ARSHENAL
EV EH ES MR RDS. FIRED MFG

$.98 6.07 T.24 2.00 9000, M
8.12 T.69 9.12 211 9000, M5
4,68 5.40 5.83 1.88 9000, M5
%.33 9.91 - 10.88 3.37 9000, M7
T.82 .37 9.93 3.77 9000, M7
$.50 4,00 6.58 1.62 9000, M7
7.17 5.97 T.65 2,09 9000, M8
11.37 935 lie#2 3.5%5 FOO0 . Mo
8.59 8.07 4.89 2.97 9000. M8
4.05 2.12 4.53 le34 10000, GM4
T«65 .72 T.66 1.93 10000, GM4
8.80 11.2% 12.01 3.4) 10000, GMe
T.31 S.14 8.26 2.22 10000. GMS
10.35 T.61 1:0.91 3.29 10000. GMS
6.99 5«50 8,10 2440 10000, GMY
6.05 8.24 8.5% 2e85 10000, GM?
3.01 7.87 T¢99 2406 10000, GM7
8.48 6.97 8.68 2.89 10000, GM7
S5.14 T2 6.83 2437 10000. GM8
6.86 8.22 9.20 2e83 10000, GMe
11.44 6.54 11.86 3.07 10000, GM8
5:24 3.07 Se38 1s48 10000. C4
3.62 5.96 5.98 2,05 10000. Cé4
543 15.44 15,57 3.92 10000, Cé
4,51 3.41 5.05 1.35 1C000. CcS5
3,79 .94 6.23 1.8¢ 10000. CcS5
$.39 10.32 10.3% 3,19 16000, c5
9.32 5,08 9.89 2.45 10000. C7
1153 11.75 13,97 4.65 1000G., cv
T.12 8.00 8.26 2.85 10000. C7
5.89 2.59 5,93 le62 10000, cs
6457 5.50 Tt 2.13 10000. c8
6.02 B.62 8.94 2e54 10000. Ccs
6.09 5.21 b.46 238 10000, Mé
4,90 10.63 10.76° 3,05 10000, M4
B8.76 T.74 F.37 2.90 10000. M4
4.05 1.68 T.73 2021 10000, M5
8.28 8.80 8.90 3.18 10000, M5

9.25 11.37 12.25 4,01 10000. MY
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tv

8.11
Te91
de4l
Tel2
Teb2
6.09
6.6b
2.81
4,30
6.56
8.93
5.17
5.22
12.99
10.57
4.50
T.71
10.02
4.08
5.85
3.8%
T7.04
9.40
9.09
9.56
6.+57
11.22
6.54
5440
10.01
8.02
6459
10.07
6.83
9.37
5.72
16.69
14.28
5.39

TABLE A=l (Continued)

DATA ODTAINED FRUM ARSENAL

EH

I1.50
ll.U0
694
1.91
5.55
7.45
4,00
l1.62
4.52
4,26
Y58
5.09
7.48
F.41
8.18
6.98
8.75
S.07
1.99
3.80
5086
b4l
10.00
.96
4.91
1.21
8.29
3.3%
8.36
.87
.74
9.59
T.12
8.85
23.19
11.21
16.62
12.98
Beb4

ts

14.97
1leb3
9.31
8496
Tebr
7.59
7.08
3.07
‘3052
6.506
B.99
5.71
9.02
l14.22
12.34
TeT0
9459
12.h4
4.18
6.0%
6.28
1«18
11.54
12.18
1019
8.82
11.75
659
8,70
1.3V
12.43
1009()
10.86
886
23.7b
11.86
21.1H
15432
8'71

MR

3.68
3.41
3.93
3,39
2424
3.09
l.94
1.05
175
.46
3,20
2.00
2.48
4.13
3.70
2463
2.7&
3.5%7
1al?
1.91
1.54
2425
3J.38
3.20
259
3e24
3et7
2.C1
.17
2449
4417
3.68
Jel5
3.8%
7.61
3.23
bel32
4.66
2.66

RDS. FIRED

10000,
10040
10060,
10000.
10000,
1004U0Q.
11000,
11000,
1100,
11000,
11CC0.
11000,
110C0.
11000,
11000,
11000,
11000,
11000,
11900,
11000,
110C0.
11000,
11000,
11000,
L1GCO.
11000.
110v0.
11000.
11000,
11000.
11000,
11000.
11000.
110006,
11000,
11000,
11000.
110u0.
11000.

MFG

M7
g
Mt
M8
My
M8
GM4
oM
GM&
GMS
oMb
GM5
OM7
Gn?
GMT
oMy
GMY
GMY
Ca
C4
Ca
CH
€5
)
")

c7
cs8
cs
cs
Mé4
M4
M&
M7
M7
M8
M8
M8
My

M

- E




EV

8.52
7.70
10.12
4.53
4,49
5.23
3.63
5.98
9.20
1l1.47
9.25
1171
T.62
10.49
8.30
4.06
B.44
6.55
6.43
“-78
Teb2
He43
8.17
.72
8.30
2.48
3.60
T.63
9.88
71.78

5.82

6.35

5.8%
13.11
1C.20
13.54
11.59
13.23
16.73

TABLE A-1 (Continued)

DATA GBTAINED FROM ARSENAL

EH

1.31
1l.76
5.63

3.46

5.61
5,31
234
6.31
Te45
15.30
10,30
%10
12.32
8.53
16.31
5.50
1.56
il.58
3.95
5.71
T.18
6.55
T.57
6.68
3.44
302’0
3.17
8.71
8.08
10.99
6.80
12,74

8.43

9.34
1.61
12.73
12.26
2425
12.07

ES

10.56
12.59
10.97
5.07
$.67
6.16
3.96
T7.50
9.23
17.41
11.58
11.8%
12.74
12.25
18.30
5.70
9.80
12.17
6.76
5.92
8.57
6.96
8.99
9.07
8.34
3490
3.60
10.40
10.14
11.90
8.95
13.35
8.69
15.69
10.72
16,71
12.83
13.34
17.13

MR

3.14
3.80
4.13
le43
l1.78
2.19
1.39
2.46
2.53
4.84
3.74
3.40
3.91
3.72
4.74
2.C8
3.29
3.34
1.97
2417
2467
2.52
3.61
2.90
l.¢1
1.27
l.49
3.68
4.04
3.5¢
245
3.88
2.83
4.33
3.56
5.18
4.21
4.28
5601

RDS. FIRED

11000,
1100Q,
11000.
12000,
12Q00.
12000.
12000,
12600,
12000.
12000.
12000.
12000,
12000.
12000.
12000,
12000,
12000,
12000,
lZOuU.
12000,
12000.
12000,
1¢000.
12G00.
12000,
12000.
12000.
12000.
12000,
12000,
12000.
12000.
12000,
120060,
12600,
12000.
12000,
12000,
12000.

MFG

45
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3.92¢6
3.056
3.706
4.276
4.413
34323
2.023
34429
2e¢246
2653
2.666
3.6066
34420
20640
3.489
3.326
3.363
3416
30686
4,163
2443
24659
3,143
24789
2ebT0
46353
3.030
3.613
29066
2-443
24906
3.769
3.043
3.360C
2.793
34230
3.000
44069
24993

DATA AFTER AVERAGING

EH

3.329
2.470
3.256
2.876
3.093
2.256
1.700
3.623
3.150
2.856
3.463
3.013
2.700
1.813
3.603
2.456
3.023
3.289
4.016
2.119
3.110
2.956
2.436
2.913
3.309
2.470
3.119
2,740
2.656
2.893
2.17196
3,026
2.470
3.586
2.719
2.566
1.980
2+9H6

TABLE A-2

ES

40303
3.329
3.799
4.676
44796
3.62¢
2503
44350
3.500
3.333
4,220
4.210
3¢676
44333
3.79¢
3.993
3,596
4,486
4,993
20’59(’
3.6/'9
44359
3.199
3.423
4.866
3.423
3.846
3.183
3.2453
3.39¢6
44266
3.730
3.723
4.110
3.623
3.¢10
44590
3,379

MR

1.376
0.993
1.300
1.243
1.35%6
l1.086
0.7¢9
1.480
1.106
1.073
1.170
1.343
1.3GC3
0.786
1.336
1.383
1.133
1.246
1.363
1.739
0879
0.913
1.13%3
0.956
1.22v
1.289
1.066
1.289
1.106
1.083
1.056
1.230
1.206
l.166
1.246
1.086
0.990
1.383
1.160

RLUSe FIRED

1000,
1000.
1000,
1000.
1000.
1000.
1000.
1000,
1000.
1000.
100,
1000.
2000.
2600,
2000.
2000,
2000.
2000,
2000.
2000.
2000.
2000,
2000,
2000.
3000.
3060,
3000.

MFG

q
GMS
GM?
GM8
C4
cs
c7
c8
MG
MS
M7
M8
GNg
GM5
GM7
GM8
Cé4
co
c7
o
14
N5
M7
13
GMa
GM5
GM7
GM8
Cé4
5
c7
C8
M&
M5
M7
M8
GM4
GMS
GM7
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EV
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4,623
2.986
3.300
3,636
3.336
2.440
24843
2.373
24953
3,470
3,413
3.706
4.860
3.230
3.983
2.843
3.449
4,633
4.666
- 4.199
- 5.079
. 2.623
4,449
3.039
3.740
2.486
3.226
4.030
4.183
502973
44376
4.983
3.816
3,643
4e643
3,969
4.996
4.203
3,553
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TABLE A-2 (Continued)

DATA AFTER AVERAGING

EH

2.643
3.283
2.T13
2.703
3.793
3.583
2.893
3.763
2.823
2.750
2.713
3.256
3.679
2.356
3.663
2.956
2563
5136
3,429
3.360
2913
24963
4.053
4.403
2+849
3.586
3.769

" 3.803

24369
44806
3.719
5176
6.073
3.826
24693
5303
4.739
4e1%6
3.076

T T P T e e RN

Comnih

MFG

ES MR ROS. FIREV
4.673 1.366 3000, GM8
3.720 1l.236 30CC. Ca
3.726 1.106 3000, Cco
3.973 1.170 3000. c7
4.003 1.373 3000. 8
4.026 1l.166 3000, M4
3.406 1.083 3000. M5
4,076 1.120 3000. M7
3.536 1.056 3000, Mg
3.973 1.0€3 4000, GMa
4,056 1.203 4000. GMS5
3,799 1.300 4000, GMT
9,143 1.686 4000, GM8
3.503 1.066 4000, C4
.286 1.216 4009. CS
3.700 1.240 4000, c7
3.713  1.096 4000. c8
6.733 1.776 4000. Mé
5,443 1.526 4000. M5
4470  1.5G0C 4000. M7
56390 1.413 4000. M8
3.349 1.126 5000. GM4
S5¢773 1.833 5000. GMY
5,079 1.423 5000. GM7
3,843 1.193 5000. uoM8
3.773 1l.l76 5000. Ca
4¢293 1.440 %000. C5
4.886 1.426 5000. c?
4.553 14330 5000. c8
b.743 1.936 5000. M4
$¢243 1.583 5000. M5
6.590 1l.746 5000, M7
6.836 1.926 5000, M8
5186 1.240 6000, GM4
4,956 1450 6000, GMS
S.853 1.736 6000, GM7
6.029 1.3830 6000, GME
4.780 1.539 6000, C4
4,206 1.296 6000. Co
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TABLE A-2 (Continued)

DATA AFTER AVERAGING

kv EH ES MR RDS. FIRED MFG
6.106 6.113 7T.556 2.206 60CC. c7
5800 3.563 5.890 1.840 6000, cs
95680 5.403 7.036 2.043 6600, M&
4.240 4.356 bH.716 1.700 60C0. M5
50446 5.649 6.9C6 1.99% 60G0. M7
4.480 4.303 6.223 1l.763 6000. M8
4,703 2.873 5.300 1l.546 7000. GM4
4.836 3.590 5.366 1.519 7006. GMH
306903 4.269 4.900 1.463 7000. GM7
34789 34453 4,159 1.346 T000. GM8
3.180 4,366 4.503 1.349 7000. Ca
3.026 3,710 4,150 1.286 7000 €5
34280 4,486 5.306 1.569 1000, c7
2789 4,123 4.373 1.200 7000. c8
6.033 B4396 B.030 2.953 7000. M4
44083 4.179 5H.833 1.863 7000. M5
Yel1l33 64343 7.540 2.059 1000, M7
66470 7.809 8.579 2.3306 7000. M8
3.050 3.900 4.186 14353 8000. Gra
Je583 3.856 4.553 1.536 8000, GM5
5789 5.446 6.630 2.039 8000. GM7
6.643 4.579 T7.346 1.G16 8000, GM8
4.856 3.450 5.416 1.576 8000. Cé
3,693 3.553 4,720 1.413 8000. Cs
6029 54756 74253 2.240 8000. C7
4e463 3,150 4,523 1.486 8000. Cc8
64063 T.166 84233 2.553 6000. Ma
64390 ' 5,880 T.656 2.486 8000. M5
le796 9.640 10.989 3.693 8000. M7
6613 64536 B.376 24560 8000. M8
5190 2.413 5.436 1.363 9000. GM4
4.723 3,706 5.0060 1.740 9000. GMS
54223 B.756. 9.193 2.830 9000. GM7
Y996 6.000 8.280 2.286 900G. GMB
4e610 34846 54103 1l.666 3000, Ca
Te426 5.856 8.033 2.313 9000. CS
6,723 54059 74333 2.353 9000. c7
56720 44409 64633 1.776 9000. ce

0489 T7.819 84370 2.986 9000. M&

R T e i e sty it Sk ’ it s Bt al Bkt b P i+ Cond st




49

TABLE A-2- (Continued)

DATA AFTER AVLRAGING

EV EH £S MR RUS. FIRED  MFG
64260 6.386 7.396 2.196 9000, M5
6.216 7.760 9.13C 2.920 9000, M7
9.043 7.796 9,31y 2.869 9000, M3
6.833 6,363 8,066 2.226 10000, Cha
5846 T7.693 8,406 2.600 10060, GMT
7813 7.159 9,296 2.756 10000, GMY
$e763 B.156 8,976 2.483 10000, Ca
44896 6.556 7.210 2.126 10000. (o
94323 8,276 10.706 3.315% 10000, (o
64159 5.569 7.436 2.096 10000, ;]
6.583 7.859 8,863 2.776 10000, M4
T+193 9,283 9,626 3.133 10000, Mo
84163 9,833 11.673 3.806 10000, M7
E 7.076 64970 7.99 2.906 10000, M8
3 44563 3,380 4.890 1.580 110C0. GM&4
3 6.886 4.976 1.086 2.553 11000, GM5
: 9.593 8.356 11.860 3.436 110060, GMT
= 2 7.409 8.266 9.996 2.980 1100G. GM8
L & 44593 3,883 5,503 1.539 1100u. C4
*_s 84510 H.480 10.299 3.110 11000, cs
i 9.116 6,803 10,2534 3.2343 11000. C7
- 7316 5.8%9 8,530 2.423 11000 C8
o 8226 84816 11,416 3.666 11060, MG i
P 74306 14,416 14.833 4,896 110u9. M5 T
T 12120 124713 15.057 4.313 11000. MT. L
¥ Be78U 84233 11,373 3,690 11000, M8
42753 44793 5,633 1.799 12000, GN4
66269 5.366 6,896 2.126 12000, GMS
104810 104233 13.613 3.993 12000, GM7
BeB03 12.366 14.430 4,123 12000, HMa
60349 84213 9,223 2.903 12000, C4
6210 5.613. 7,083 2.269 12000. cs
6.106 7.599 §.340 3,010 12000, (o
4793  3.283 5,279 1.556 12000, c8 oA
Be430 9,226 10.813 3.700 12000. M4 !
56993 94323 104329 2.920 12000, M5
12.283 9,893 14,373 4.350 12000, M7
134850 114226 144433 4,500 12000, M3 i
kY B
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: TABLE A-3
{ :
E Mean and Standard Deviation Values for :
4 EXTREME VERTICAL  tV ;
ROUNDS FIRED  MEAN VALUES  STAWDARL DEVIATIONS ‘é

1 0. 3.29358 0.75446 ~§
3 1000. 3.21141 G.49859 )
' 2000. 3.13960 0.56928
i, 30004 3,22069 0e73957
? 4000 3.96091 0.72090
] 5000 3,65366 C.88271
f 6000. 4.72991 0.86645

7000. 4.2 1708 1.18023

BU00. 5.41449 i.46613

9000. 6.15158 1.21650

10000, 6.90532 1.36501

11000. 7.87649 2.06214

1200C. 7.88716 2.99285

il i
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TABLE A-4

T A TRt o

Mean and Standard Deviation Values for

EXTRLME HURIZONTAL EH

T SEETTTT ST

ROUNDS FIRED MEAN VALUES STANDARL DEVIATIONS

R kgl 46 Loniind ot AL et Do

0. 2.923174 0.54759
1000. 2.87774 0.61492
2000, 2.89141 0.33023
3000, 2.97491 053693
4000, 3.23116 G.73615
5000. 3.96908 1.04389
6V00., 4,42833 1.05860
7000. 4.84974 1.74627
8000. 5.24260 1.90772
9000. 5.86T716 1.96797

10000. 7.48332 1.28400
11000, 7.84841 3.2711%
12000, 8.09616 2.80799
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TABLE A-5

Hean and Standard Deviation Values for

EXTREME SPREAD 3

ROUNUS FIRED MEAN VALUES STANUARD DEVIATIONS

0. 3.88708 0.66193
100, 3.79658 G.66098
2000, 3.73599 0.45460
3000. 3.89366 0.41985
4u00. 4.60049 0.99100
5000. 5.08008 1.19869
6000, 5.86141 0.98L70
7000, 5471991 1.63234
8000, 6.65724 2.05358
9000. 1.44049 1.57217

10000. . 8494507 1.29313

11600. 10,09149 3,20995

12v00. 10.03707 3.50412
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TABLE A-G

lfean and Standard Deviation Values for

MLEAN RADIUS 1R

RUUVHIDIS FIRED MEA'L VALULS STAIKUARL DEVIATIONS

AR WY R T ek

0. 1.13791 0.20223

o0V, l.18583 Ce2elT1

2000, 1.17024 Ce 0t 741

3000. lall4uy ODals020

U000, le34291 Ge236179

5000, 1.51149 (24097

6UV0J. 1.71991 0.29%65

1000, 1.70741 Ueb1601

8uULO. 2.07091 0.68426

CIVRIVES 2.27443 Us5b155 1
10600, 2.73833 Ue5G489
110006, 3,11824 1.0v051
12000, 3.10958 1.02740 3
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¢ VALUES
=1.68400
~1.368300
“V«8310v
~0.58300
-0.31400
0.03800
Vel7900
Je4l4a4du
0+s5400V
0.8380v
1.36200

1.48300

TABLE A=T

Lilliefor Test Values for EV

ROUNLS FIRED =

EXTReME VERTICAL

NORMAL VALUES

0.04610
V.0B260
0.20300
0.28000
0.37680
0.51520
0.57100
0.660060
0.70740
0.7983Q
0.903%0

G.93100

Ue 04610
-0.00073
Ue03033
0.02959
D.C4346
0.09853
0. 07099
0.C772¢6
V.04073
0.Cati89
0.uT0l6

N0.Cla33

O.
EV

NURMAL-(1-1)}/N

I /N=NORMAL

0.03723
0.08406
0.04700
0.05333

0.03946

-0.01519

0.01233
0.00606
0.04260
0.03443
0.01316

0.06900

54
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TABLE A-T7 (Continued)

Lilllefor Test Velues for EV

RUUNDS FIRED = 1000,
EXTREME VERTICAL &V

Z VALUES  NURMAL VALUES  NORMAL=(I=-1)/N  I/N=NORMAL
~1.54100 0.06170 006170 0.02163
-1.14600 0.12590 0.04256 0.04076
-1.10700 0.13420 ~0.03246 0.11580
-0.84700 0419850 ~0.051%0 0.13483
-0.13700 0¢4455) Qell216 -0.02883

0422900 0.59060 0.17393 -0,090%9

Ve 30600 0461940 Uel193Y -0.03606

0e41000 0.65910 Ve Q7576 0.00756

0.41500 0.66210 -.,00456 0.08790

0455600 0.71040 ~0.03910 0.12243 :
0.95100 0.82920 -G.00413 0.08746 ;
1.90400 0.97180 0405513 0.02820 ?'
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TABLE A-7 (Continued)

Lillicfor Test Values for LV

s

|

ROUNDS FIRED = 2000, i

EXTREME VERTICAL EV §

Z VALUES  NURMAL VALUES  NURMAL=(I=1)/N  I/N=-NORMAL §

~1.28300 0.10060 0e10060 -0.01726 §

-1.22300 0+110060 VeU2726 0.05606 i

. -0482500 0.20470 0eC3803 0.04530 %
E\ E -0.6080u 0.27160 Ve02159 0.06173 §
; § -0430500 0.38020 0.C4686 0. 03646 §
E § -0.19¢00 0.42390 0.00723 0.07610 f
L_ % =0.1690u G.43230 ~0.06710 Uel5043 ?
é 0.15800 056250 -0.02u%3 0.1U386 E

G 38100 0.65060 ~0.C1606 0.09940 ?

» 0.83100 0.79700 0.04699 0.03633 %
| 1.10500 0.86540 0. 03206 0.05126 i
2.13100 0.98340 0. 06673 0.01660 :

.

[ ISRl




L VALUES
=114600
-1.05600
-0.54900
=0+5110V
=0.36200
~0.31700
<0.29300
0.10600
Uelb50V

0.56100

1.82200

1.89500

TABLE A-7 (Continued)

Lilllefor Test Values for EV

ROUNDS FIRLD =

EXTREME VLRTICAL

NORMAL VALUES

0.12590
0.145%0
0.19%20
U.30470
0.35870
0.374560
0.38290
0.%4220
0.56160
0.71260
0.964380

0.97130

V12590
.06216
0.02852
005469
Ve 02530
-0.04106
011710
-0.,C4113
-0s 10500
-0.C3740
013246

0054063

3000.
EV

NORMAL=(1=1)/N

-000‘0256

0.02116
0.05480
0.02863
0.05796
0412440
‘0420043
Q12446
V.18840
0.12073
-0,04913

0.02870

57
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7 VALUES
=1.55900V
-1.01300
-0. 76000
~U. 71000
-0.68000
-0435300
0.03000
0s33000
0.,9320V
0,97800
Le24700

1.55000

IR -

TABLE A-7 (Continued)

Lilliefor Test Velues for BV

LA A A

ROUNLS FIRED =

EXTREME VERTICAL

WORMAL VALUES

0.06060V
0.155%0
0.22360
0.238%90
0.24830
0.36310
0.51200
0e062930
0.82430
0,83600
089300

093940

NORMAL=(1=1)/N

D.06L00
JeuT2l06
0.05693
-0LUl110¢
- (18503
~0.053%6
0.C1199
Q.04596
Vel5763
0. CBHIY
00046

G402273

1 /N=NORNMAL -

0.02273
O.,vllle
0.02640
0.094473
0.16836
0.13690
0.07133
0.03736
~0.07424
-0.00206
N.0228¢6

0.06060
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b=, A

Z VALUES

=1.54900
=1.33400
-0.92200
=0.71100
=0.12800
=0.04200
0.19900
037300
0.59100

0.67400

1.27900

1.63000

TABLE A7 (Continued )

Lilliefor Test Valves for EV

ROUNLS FIRED =

EXTREME VERTICAL

NORMAL VALUES

0.06070
0.08170
0.17830
0.23860
0.44910
0.48320
0.57890
0.64540
0.72270
0.749b0
0.89950

0.94840

0.06070

-0000163

O.01163

=0.Cl140

0.11576
V.06653
0.07889
U.06206

0.C5603

-1, 00020

0.066106

0.03173

5000.

eV

NURMAL=(I-1)/N

0.02263
0.08496
0.07170
0.09473
-0.03243
0.016890
0.00445
0.02126
0.02730
0.08353
0.01716

0.051860

59

[ /N=NORMAL
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Z VALUES

-1.35600

-1.25400
~0. 87600
-0.60500
=0e56500
-0.28800
-0.10000U
0.30700
0.82600

1 « 09600

1.23500

1.58800

i anbese v ot ek s £ b A el a ek bebs ik sl
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TABLE A-7 (Continued)

Lilliefor Test Values for LV

ROUNDS FIRED

EXTRLME VERTICAL

NURMAL VALUES

6000,

EvV

NORMAL=-(1-1) /N

0.08720 0.08720 -0.00366
010490 0.02156 0.06176
0.19000 0.02333 0.06000
0.27160 0.02159 0.06173
0.28600 ~G.04733 0.13066
0.38670 -C.G2996 0411330
0.46020 -0.C3960 0.12313
0.62060 0.G3726 0.04606
0.79560 0.12893 ~0.04559
0.86340 011339 ~0.03006
0.89160 0.05826 0.02506
0.94390 0.02723 0.05610

60

I /N=-NORMAL
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2 VALUES

=-1.26000
=1.06000
~0.92900

~0.76000

-

-0.31600
~0416400

0436000

Q47300

0.72500

1.48700

1.85800

TABLE A-T (Continued)

Lilliefor Test Values for TV

ROUNDS FIRED = 7000,
EXTREME VERTICAL  EV
NORMAL VALUES  NORMAL=(I-1)/N

0.10380 0.10380
014460 0.06126
0417650 lb.ooéaa
. 0.22360 -0.02640
0433980 0e00646
0.37600 -0.04066
0.43480 -0.06520
0.64060 0.05726
0.68190 0.01523
0.76580 0.01580
0.93150 0.09816
0.96840 0.05173

1/N-NORMAL

.. ~0.02046

0.02206
0.01350
0.10973
1 0.07686
0.12400
0.14853
0.02606
0.06810
0.06753
-0.01483

0.03160

PR T L R




& VALUES

~1.61200
=1424900
~1.17400
-0.64800
~0.38000

0425500

041900

0.44200
V66990
0.81700

0.83700

1.62400

TABLE A-~7 (Continued)

Lilliefor Test Values for EV

ROUNDS FIRED =

EXTREME VERTICAL

NORMAL VALUES

0.05350
0.10580
0412020
0.25850
0435200
0.40070
0.66240
0.67070
0.74830
0.79300
0.79870

0.94780

0.05350
0eC2246
~0.04646
0.00849
0.01866
0.18403
0e16239
0.C8736
0.08163

Qe 04299

-0.03463

0.03113

8000.
EV

NORMAL=(I-1)/N

0.02983

0.06086

0.12980

0.07483
0.06466
-C.10069
~0.07906
~0.00403
0.00170
0.04033
0.11796
0.05220

62

I /N-NORMAL
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Z VALUES
-1.17400
=1410200
-0.79000
-0.76300
-0.35400
~0412700

0.05200

0.08900

0.27700

V46900

1.04700

2.37600

W TR I N TV oY

TABLE A-T (Continued)

'.Z"Liliiefor Test Values for EV

ROUNDS FIRED =

EXTREME VERTICAL

0.12050

0.13530 -

0.21480
0.22270
0.36170
0.44950
0.52070
0.53550
0.60910
0468050
0.85240

0.99120

0»051§b
Ce048R13

-0.02730

0.C2836 .

0.03283

0.02069 .

-0.04783
=0.05756
-0.06950

001906

0.07453

9000,

0.12050

L]

63

NORMAL VALUES  NORMAL-(I=1)/N  I/N-NORMAL

-0403716

0403136

0.03520 . "
0u11063 - 7

0.05496

0.05050

0.06263
0.13116
0.14090
0.15283
0.06426

0.00880
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TABLE A-7 (Continued)

Lilliefor Test Values for EV
ROUNDS FIRED = 10000,

é_ EXTREME VERTICAL EV I
ET Z VALUES NORMAL VALUES  NORMAL=(I-1)/N  I/N=NORMAL r% ]
%  ~1.56900  0.05830 L+ 05830 0.02503 U
g* -1.47200 0.07050 -0.01283 0.09616 % Q
?f =G+ 77600 0.21890 0.05223 0.03110 % 1
{I ~0.54600 029260 0.04259 0.04073 % :
E -0.23600 0.40670 0.07336 0.00996 ?
1 -0.05200 0.47930 0.06263 0.02070 é
0.12500 0.54980 0404979, 0.03353 %
0.21000 0.58320 -0.00013 0.08346 §
0.66400 0.74670 0.08003 0.00330 §
0.92100 0.82150 0.C7149 0.01183, é
0.96u0 0.83150 ~0.00183 0.08516 % i
- 1.77100 0.96170 0404503 0.03830 § ?
[
; %
y
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7 VALUES

-1.59200
~1¢55800
-0.48000
=0.27600
~U«2710V
=0.22600

0.16900

030700

0.43800

Ve60100

0.83200

2.05700

65

TABLYE A-7 (Contirnued)

Lilliefor Test Values for EV
ROUNDS FIRED =  11000.
EXTREME VERTICAL EV

NORMAL VALUES ,NOQMAL-(I-I)/N 1 /N=NORMAL

0.05570 Ve 05570 0.02763
0.05960 -0.02373 0.10706
031560 | 0.14893 - ~0.06559
0.391 30 0.14129 -0.05796
0.39320 0.05986 0.02346
0.41060 ~0+00606 0.08940
o.5$7io 006709 0.01623
0462060 0.03726 0404606
0.66930 0.00263 0.03070
0.72610 -0.02390 0.10723
0.79730 -0.03003 0.11936
0.98010 0.06343 0.01990

———
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PABLE A-7 (Continued)

Lilliefor Test Values for EV

b ROUNUS FIRED =  12000.
gfv EXTREME VERTICAL  EV
E&f 2 VALUES  NORMAL VALUES  WORMAL={I=11/8  1/N=NURMAL
Ej =1.04800 0.14730 0414730 ~0.06396
?_ ~1,03300 0.15080 0.06746 0.01586
i X -0.63200 0.26370 0.09703 ~0.01369
E -2 -0.59500 0.27590 0.02589 0.05743
i -0.56000 0.28770 -0.04563 0.12896
E:' =0.54000 0.29460 -0.12206 0.20540
? -0.51300 0.30400 -0+19600 0.27933
g 0.18100 0457180 —04G1153 0.09486
; 0.30600 0.62020 ~0.04646 0.12980
’ 0.97600 0.83550 0.08549 -0.00216
1.46800 0.92890 0.09556 ~0.01223
1.99200 0.97680 0.06013 0.02320
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L VALUES
-2.23400
=1.21900
~0.82400
-0.12300
-0.,08700
0.16200
0.30900
0.41300
0.60600
0.74000
0.98400

1427600

Lillief'or Test Values for EH
RUOUNUS FIRLD = C.
EXTREME HWORITZONTAL EH

NORMAL VALUES

0.0131v
0.11140
0.20390
0.45100
0.46530
0.%6440
0.62130
0.66020
0.72770
Qe 77040
0.83750

0.89900
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TABI:E A-B

NORMAL=(I=-1)}/N

Ve01310
0.C2806
0.03723
Ve20100
0.13196
(al&?73
0.12129
UeQ7686
0.06103
04020639

Dev04le6

~0.01766

1/N-NORMAL

0.07023
0.05526
0.04610
=0.117606
-0.04863
-0.06439
-0.0379¢6
0.00646
0.02230
0.06293
0.0791¢6

V.10100
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& VALUES
=1.73100
=1.23300
~0. 71800
«~0.62000
«0.273900
312700
0.14300
0.2%600
037700
0.66300
1.17900

1.85100

NURMAL VALUES

TABLE A-B8 (Continued)

Lilliefor Test Vealues for EH

ROUNDS FIREL =

EXTREME HORIZUNTAL

0.04170
0.10880
0423640
0.26760
0.33010
0.55050
0.55690
059330
0.64690

0.74800

0.88080

0.96790

NORMAL=(I=1)/N

0466170
0.02546
0.06973
L.01760

0.05676

00133&3
0.05689

0.00996

-0001976

-0.C0200

0.0474¢0

0.0%123

1000,

EH

0.04163
0405786
0.01360
0.06573
0.02656

~0.05049
0.02643
0.07336
0410310
0408533
0.03586
0403210

68

1/N=NOGRMAL
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2 VALUCS
-1.27600
-1.27600
~0sT1200
-0452200
-0.45800
-0+28800
0.00400
0.06500
0.40700
0468900
1.26400
2.10300
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TABLE A~8 (Continued)

Lilliefor Test Valuegs for EH

69

ROUNDS FILRED = 2000.

EXTRLEME HORIZUNTAL EH
“ORMAL VALUES NORMAL=(]=-1)}/N 1 /N=NURMAL
=1.84600 =-1.84400 1.92933
0.10100 O.ul760 0.06566
0.10100 =0.06566 0.14900
0.23330 =C.01L70 0.09503
0.30080 -0.03253 0.11586
0.32350 ~0.09310 0.17650
0.38670 ~-0.11330 019663
0.50160 -0.CB173 0.16506
0452590 ~0sl4l76 0.22410
0.65760 =0409240 017573
0.66750 ~G.14583 0.22916
0.89700L ~Ue019606 0.10300
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.
: | TAELE A-8 (Continued)
:
Lilliefor Test Values for EH
§  ROUNDS FIRED = 3000.
E EXTREME HORIZONTAL  EH
3 I VALUES  NORMAL VALUES  NURMAL=(I=11/N  1/N=NORMAL
- 0.98220 0.03250 0.03250 0.05083
o ~0« 75800 0.22420 0. 14086 -0.05753
E ~0+61500 0.26920 0.10253 -0.01919
| ~0.50400 0.30710 0.05710 0.02623
é -0.48500 0431380 -G.01953 0.10286
| =0.29100 0.38930 -0.02736 0.11070
| =0415100 0444000 -0. 06000 0.14333
| -0.03500 0.48600 -0.09733 0.18066
0457100 0.71600 004933 0.03400 ]
1.12800 0.87030 V12029 ~0.03696 ;
1.46200 0.92820 0409486 -0.01153 : i
1.51700 093530 0.C1563 0.06470
|
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T2
= TABLE A=-8 (Continued)
2 © Lilliefor Test Values for BH
E ROUNDS FIRED = 4000
%" EXTREME HUORIZUNTAL EH
3 I VALUES  NORMAL VALUES  NORMAL=(1-1)1/N  T/N-NORMAL
P % -1.18800 0.11740 0411740 ~0.03406
i } -0.90700 0,18220 0409886 ~0.01553
; ! -0.70300 0.24140 0,07473 0.0U860
! -0,65300 0425680 5400679 0.07653
1 ; ~0.43200 0433290 “~0.00043 0.08376
é ! ~0.37300 0.35460 ~0.06206 0.14540
] % 0.03300 0.51320 Uell31Y 0.07013
3 | 0.17500 0.56950 ~0.01363 0.09710
0.26800 0460560 ~0.061C6 Ue16440
; 058600 0.72100 -0,62900 011233
060800 0.T72840 -(0e10493 0.18826
% 2.58700 0499510 0407843 0400490 ;
i
g _
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TABLE A-8 (Continued)

Lilliefor Test Values for EH

B SR TR AT TR NG I M LA e om o n A

ROUNDS FIRED = 5000,
EXTRCME WORIZUNTAL  EH

B 2 VALUES  NORMAL VALUES  WORMAL=(I=1)/N  1/N=NORMAL
[ ~1.53200 0.06280 0+C6280 0.02053
; ~1.07200 0.14420 0.06086 0.02246
§ ~0.96300 0.16760 0.U0113 0.08220
( ~0.36600 0.35720 0.10710 -0.02386
é -0.23900 0.40560 0.07226 0.01106
: ~0.1910u 0.42430 0. 00763 0.07570
- -0.15900 0.43640 ~0.06320 014653
; 0+08I0U 0.53190 -0.05143 0.13476
i 0441300 0.66470 -0.UC196 0.08530
; 0485900 0.80480 U549 0.02853
1415600 0.87620 9404286 0404046
2.01500 0.97800 0.06133 0.02200
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1 VALUES
«1,67700
=1.27700

-0.8170V

-0.56800
=0.25700
-0.11800
-0.06800
0.29300
0.82600
0.92000
1415300
1.59100

TABLE A8 (Gontinued)

Lilliefor Test Values for EH

ROUNL'S FIRED =

EXTREME HORT2ONTAL

NURMAL VALUES

0.04680
0.10080
0420700
0.28500

0.39860

0.45300
0.647230
0.61520
0.79560
0.8212V
0.87550
0.94420

NORMAL=(1=1)/N

OeU4CHO
0.01746
0.04033
003499
0.C6%26
0.03633
-0.02710
VeC3lb6
U.12893
0.07119
N.04210

(1402753

6000,

EH

0.03653
0.06586
0.04300
0.04833
0.01806
0.04700
0.11043
0.05146
=0.,04559
0.01213
0.04116
0,05580

73

1/N=NORMAL
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I VALUES

-1.13100
“0.79900
“0072100

-0066200

-0 .41000.

"0033&00j

—0. 27709
0. 20400
004000
0485500
1.69400

2.03000

TABLE A-8 (Continued)

Lilliefor Test Values for &H

ROUNDS FIRED = . 7000.

EXTREME HORIZONTAL®

NORMAL VALUES

0.12900
0.21220
0.23550
0.2572¢C
0433870

03694950

0e«39080

0e417¢0

0648400

0.80370
0.95490

0.97860

NORMAL=(1-1)/N

(1o 129GC
Del2880
Ca06883
G.00719
U.QdSBQ
-0.0%@76
-0.10920
~0e 16573
~(.18266
UeU5369
0e12156

0.06213

EH

I /N=~NORMAL

=0.045006
-0.04553
0e0145U
0.07613
0..07796
0.13010
0.1§253
0424906
0.26600
0.029¢€3
-0.03823

0.02120

T4
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L VALUES

=1.09600

=0.93900
-0.88%00
=0.72600
-0.70300
-0;34700
0.100600
026900
033400
0.67700
1.00800

2430500

iR el aiihi] 2L AR S st

'TABLE A-8 (Gontimued).

Iilliefor Test Values for EH

ROUNDS FIRED =,

EXTREME HORIZONTAL

NORMAL VALUES

0.13660

017390

0.18800
0423390
0.24110
036430
0.54220
0;60600
0.63060
0475080
0.84330

0.98940

NORMAL={ I~1
0413660
0. 09056
0.02133

-0.01610
-0.09223
-0.05236
0.04219
0.02266
-0.035856
0.0C079
0.00996

(07273

8000
EH

V/N

dvo 2 RN A e i

15
1/N=-NORMAL
-0.05326
-0.00723
0.06200 "
0.09943
0.17556
0.13570 ]
0.04113 %
0.06066 3
0.11920 %
0.08253 ;
0.07336 ?
0.01060 k
¥
B
B
B
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TABLE A-8 (Continued)

Lilliefor Test Values for EH

et

e d s O e snitt SRR disc- 22 S U

I | | ROUNDS FIRED = 9000,

%l " EXTREME HORIZUNTAL  EH

1 Z VALUES  NORMAL VALUES  NORMAL={1=1)/N  1/N-NORMAL
~1.75500 0.03970 0403970 0.04363
=1.0980y 0.13610 0.05276 0.03056
-1.02700 0.15220 ~Ce0Ld66 0.09780
~0. 74000 0422960 ~0.02040 0.10373
~0.10500 0445820 0412486 -0.04153
=0.00500 049800 G.08133 0.00240
0406700 0.52270 JeU2269 0.06063
0.26300 0.60370 . 02036 0.06296
0.96100 0.63170 0.16503 ~0.08169
0.98000 0.83650 G.08649 -0.00316
0.99100 0.83910 0. 00576 0.07756
1.46700 0.92880 0.C1213 0.07120

P N T L
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BRI

Z VALUES
-1.49000
~1.09000
~0.87200
~0.72200
=-0+39900
~0425200
0.16300
0429200
0.52300
0.61700
1,40100

1.82900

T
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TABLE A-8 (Continued)

Liiliefor Test Values for EH

RUOUNUS FIRED =

EXTREME HORIZUONTAL

NORMAL VALUES

0.06810
0.13790
0.19160
0.23520
034500
0.40070
0.56480
0.61490
0.69950
0.73140
0.91940

0.96700

NURMAL’(I;I)/N
e 06810
0.05456
0.G2493

-0.01480
O.01166
-0.01596
0.06479
0.03156
0.03283
-0.01860
0.08B6UG

N0.05033

10000.

EH

0.01523
0.02876
0.0(5840
0.09813
0.07166
0.09930
0.01853
0.05176
0.05050
0.10193
-0.00273

0.03300

7

I /N-NORMAL
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TABLE A-8 (Continued)
] :
; Lilliefor Test Values for EH
;‘ "ROUNLS FIRED = 11000,
E; CXTREME HORIZONTAL EH
% ; I VALUES ~ NORMAL VALUES  WORMAL=(1-1)/N  1/N-NORMAL
é . -1.36600 0.0850 0.08590 -0.00256
% -1.21200 0.11270 0462936 0.05396
g -0.87800 0.19000 0.02333 0.06000
1 -0.60300 0.27160 0.02159 0.06173
a -N¢313900 0+37490 3464156 U.04176
0411700 0.54660 Ge 12993 -0.04659
0.12700 0.55050 0.05049 0.03283
0415500 0.56160 ~0.02173 0.105u6
0.19300 0.57650 ~0.09016 0417350 §
0.29500 0.61600 -0.13400 0.21733 ; 1
- 1.48700 0.93150 C.C9816 -0.01483 g 5
2.00700 0.97760 0.06093 0.02240 | %
@ P
[
N {
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Z VALUES

~1.714
~1.,176
-0.972
-0,.884
-0.177
0.041
0.402
0.436
0.639
0..760
1,114
1.527

TABLE A-8 (Continued)

Lilliefor Test Values for EH

ROUNDS FIRED =

EXTRENE HORIZONTAL,

0.04320
0.11980
0.16550
0.18830
0.42980
0.51640
0..6561¢C
0..66E60
0.73830
0.77640
0.87370
0.94810

NORMAL VALUES

KORMAL~-(I-1)/N

0.04320
0.03646

"O . 00116
-0,06170

ik

0.09646
0.09973
0.15609
0.08526
0.07163
0.02639
0.04036
0.03143

{ o’ ks " LLAR
Ll il ot e R i Rk hceal - ik,

12000,

EH

I/N~-NORMAL
0.04013
0.04686
0.08450
0.14503

-0,01313
~-0,01639
~-0.07276
~0,00193
0.01170
0.05693
0.04296
0.05190

L o e
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; ROUNDS FIRED = 0.
e | EXTREME SPREAD ES
g* g { VALUES  NORMAL VALUES  NORMAL=([~1) /n 1/N=NURMAL
S  -2.09000 0.01830 0.01830 0.06503
; ~U.84300 0.18970 6o 10636 ~0.02303
if“fg ~0.83700 0.20130 0.03463 V.04870
] -0.58400 0.27960 0.02959 0.05373
7; l§ =0.40300 043435¢ 0.01016 0.07316
! -0.133Gy 0444710 0.03G43 0.05290 |
- 0.48700 0465680 0.18679 ~0.10346 é
! 0.50200 0469220 C.10686 -0.02553 |
0.62800 0. 73500 0.06833 0.01500 g
0.70800 0.76050 0.01049 0.07263 é
1.19100. 0.88320 0. 04986 0.03346 |
137300 0.91520 ~U.00L46 0.08480 %“
|
: i
i !
j
i ;
mihocih sk i J

TABLE A=~Q

Lililefor Test Values for Es




TABLE A-Q (Continued)

Lilliefor Test Values for ES

RUUNUS FIRED =

EXTRLME SPREAU

Z VALUES NORMAL VALUES
=1.59/00 0,05510
-1.47100 0.07070
-0.86700 0.193C0
~0.29100 0.36550
-0.21400 0.41520
-0.17500 0.43050
0.00C00 0.50000
Ve28500 0.61220
0.778C0 0.78170
0«81c00 0.79270
1.00000 0.84130
173600 0.,95870

it cnls ' il ! ki

0,05510

°UoOle3

0.02633
0413549
G.08186
0.G1383
0400000
0.02886
0.11503
U«047069
0.00796

0.04203

SR Y T APV RIRIP R - TC PR Sy

1000,
" ES

NURMAL=(1-1)/N

el

1 /N-NORMAL

0.02823
0.09596
0405700
-0.05216
0400146
0.06950
0.08333
0.05446
~0.03169
0404063
0.07536

0.04130
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eme st G2l

- & VALUES

-1.14100
-1.01700
-G.70100
~0464500

-0.64500

=0.23300

=0.02600
-0.01200
0.22600
0.77100
1.09300

2.33100

TABLE A-9 (Contirmed)

Lilliefor Test Valuse for ES

NDRMAL ‘VALUES

0.12690
0.15460
0.2417¢
0.25950
0.25950
0.4078C

C.48960

0.49520

0.58940
0.77970
0.86270

0.99010

ROUNUS FIRED = 2000.
" EXTREME SPREAD ES

NORMAL={1~1)/N  I/N-NORMAL
0412690 -0.04356

0.G7126 0.01206

0.07503 0.00830

0,00949 0.07383

~0.07383% 0.15716

~0.00886 0.09220

-0,01640 0.G9373

~0,08813 0417146

-0.G7726 0.16060

0.02969 0.05363

GeG2936 0.05396

0.07343 0.00990

R
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2 VALUES
;1.22900
~1.16100
=0.85100
“0.6.500
=-0.41300
=0.39900
0.1880u
0.26000
0.31500
0e¢43400
1.6720)
1.85600

NUCRPRS
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TABLE A-9 (Continued)

Lilliefor Test Values for ES

RUUNCS FIRED =

EXTREME SPREAD

NORMAL VALUES

0.11020
0.12280
0.19740
0.24990
0.33940
0.34490
0.57450
0.60260
0.62360
0.66780
0.95270

0.96830

&3

3000,
ES
NORMAL=(I=1)/N  I/N-NORMAL
0411020 -0.02686
L. 03946 0404386
0.03073 0405260
~0.00010 0.08343
0.00646 0.07666.
-0.07176 0.15510
0.07449 0.00863
0.01926 0.06406
-0.04306 0412640
-0.08220 0416553
0e11936 ~0.03603
0.05163 0.03170
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PABLE A=9 (Continued)

Lilliefor Test Values for ES
¥ ROUNUS FIRED = 4000,
é EXTREME SPREAD ES
S 2 VALUES  WORMAL VALUES  NORMAL=(I-LI/N 1 /N-NORMAL
- ~1.10700 0.13420 0413420 -0,05086
? =0.90600 0.18190 0409856 -0.01523
: -0.89800 0418460 0.01793 0.06540
| -0.80500 020960 -0.04040 0.12373
-0.63300 0.26330 -0, 07003 0.15336
% -0 54900 0.29150 -0.12516 0.20850
é -0.13100 044790 -0.05210 0.13543
| 0454700 0.70780 0012446 ~0.04113
0.69100 0.75520 0.08853 -0.00519
0479600 0.78690 0+ C3689 0.04643
0.85000 0.80230 -0.03103 0.11436 |
2415100 0.98420 0.06753 0.01580 !
3

2 de ot il i

e e e et 2
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Z VALUES
=1.44400
=1.09000
-1.03260
=0.65600
-0+43900
-0.16100
0.00000
V.13500
0.57800
1.25900
1.38700

1.46400

NORMAL VALUES

TABLE A«9 (Contimed)

Lilliefor Test Valuss for ES

ROUNDS FIRED =

EXTREME SPREAD

0.07430
0.13790
0.15200
0.25590
0.33060
0.43600
0.50000
0.55370
0.71830
0.89600
0.91750

0.92840

5000,
O ES

NORMAL=(1=1)/N

0.07430
Ve 05456
-0.015606
0.00589
-0.00273
0.01933
G. 00000
-0.02963
0.05163
0.14599
0.08416

v.01173

ki o i B i)

I /N~NORMAL

0.00903
0.02876
0.09900
0.07743
0.08606
0.06400
0.C8333
0.11296
0.03170
=0.006266
-0.00083
0.07160
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2 VALUES
-1.67700
-1.09500
~0.91700
~0.68400
~0,14700
«0.00800
0.02800
016900
0.36600
1.05800
1.190090
171700

TABLE A-O (Continued)

Lilliefor Test Values for ES

" ROUNUS FIRED =

EXTREME SPREAUL

NORMAL VALUES

0.046480
0.13640
0.17960
0.24700
0.44160
0.49680
0.51120
0.56710
0.64280
0.85490
0.88300

0.95700

NORMAL=(1=1)/N

0.C4680
0.,05346
0,01293
~0.G0300
V.10820
0.,08013
0.91119
~0e01b23
«0.C23066
0.10a89
0. Q4966

0.04033

6000,

ES

86

1/N=-NORMAL

Q.03653
0.02986
0.07040
0.08633
~0.02493
0.00320
0.07213
0.09956
0.10720
-0,02156
0.G3366
0.04300

i
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1 VALUES
~0.96100
«0.95600
-0.82500
~0. 74500
~0.50200
-0.25700
~0.25300
-0.21600
0.06900
1.11%00
1.75100
1.78200

TABLE A=9 (Continued)

Lilliefor Test Values for ES

ROUNDS FIRLD =

EXTRCME SPREAD

NORMAL VALUES

0.16820
0.16950
0.20470
0.22810
0.30780
0.39860
0.40010
Qe4l1450
052750
0.86750

0496000

0.96260

NORMAL=(I=1)/N
0.16820
0.08616
0.03803
~0.02190
-U.02%53
-0.01806
=0.09990
-0.16883
-0.13916

0.11749

Uel2666

0404593

1000,

ES

-0 08486
‘0000283

0.04530
0.10523
0.10886
0.10140
0.18323
0.25216
0.22250

-0.03416

~0.06333

0.03740

87

I /N=NORMAL
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1 VALUES

TABLE A~9 (Oontinued)

Iilliefor Test Values for Eg
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ROUNUS FIRED =

EXTREME SPREAD

NORMAL‘VALuES E NDRMAL-({#I)/N I /N~NORMAL
~1.20300 0.11450 Us 11450 ~0.03116
~1.03900  D.14940 . 0406606 C.01726
~1.02400  0.15290  ~0.01376 0.09710
0494000 0. 17360 ~0.07640 0415973
~0,60400  0.27290 " ~Ue06043 0414376
-0.01300° 0.49480 0.07813 0.00520

| -o.zqcoo_ 'o.qi410 0411409 -0.03076
0.33500 0.63120 0.C4T86. 0.03546
0.48600  0.e8650 0.01583 0.06350
0.76700 0.77850 0.02849 0.05483
0.83600 0479840 ~0.03493 0.11826
2.10900 0.98250 0.06583 0.01750.
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7 VALUES
1451400
~1.48600
~1.27400
0451300
~0+06800

=-6.02800

0.37600
- 9.53300
10459100
1.07400

1.11400

1.19400

S e e A St e i il i e ek G il
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TABLE A-9 (Oontinued)

Lilliefor Test Values for ES

ROUNDS FIRED =

EXTREME SPREAD

NORMAL VALUES
© 0.06500

0.06860

10.10130

0.30400
0.47290
0.48880
0.64650
0.70290
0.72270
0.85860

0.86730

0.88380

" 9000,

ES

NORMAL={]1=1)/N

0« 06500

=0.01473

‘0006536

0.05399
0.13956
0.07213
014650

" Q011956

0.05603
0.10859

0.03396

-0.03286

1/N=NORMAL
0.01833
0.09806
0.14870
0.02933
-0.05623
0.01120
-0.06316

-0.03623.
0.02730

-0.02526
0.04936
0.11620

Lt




I VALUES
~1.34100
~1.16600
«0.73300
~0.67900
=0+41600
~0.06300
0.02300
0.11200
0.27106
0+52600
1.36100
2410700

TAELE A%9 (Contirued)

Lilliefor Test Values for ES

ROUNDS FIREL =

EXTREME SPREAD

NORMAL VALUES

0.089%0

10.12180

0423180
024960
0.33870
0.47490
0.50920
0e54460
0.60680
0.70390,
0.91330
0.98240

NORMAL={1-1)/N

0+08990
0,03846
0406513
-0.00040
0400536
' 0.05823
0.C0919

A =0.03673

~0.05986

- =-0.04610

0.07996
0.06573

10000,
. &S

1/N=NORMAL
~0.00658

0.04486

" 0.01820

0.08373
0.07796
0.02510
0.07413
0.12206

0.14320

0.12943
0.0033¢
0.01760

P
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I VALUES

;1.62000
~1.42900
“0.93600
-0,48600
-0.02900

0.05000

0.06400
0, 39900
0.41200

0.55000

1.,47700

154700

it e Bt v

TAELE A-9 {(Continuad)

L:.Ilioror Test Values for ES

ROUNDS FIRED =

EXTREME SPREAD

0.05260
9.07650

0417460

0-21390
0.48840
0.51990
V. 52550
0.65500
0.65980
0.70880
0.93020
0.93900

OV

NORMAL VALUES NORMAL=(1~1)/N

0.0%260

=0 00683

0.00793
0.06350
0.‘5506
C.10323
0.C2549
0.07166

-0.00686
~0.04120

0.096¢86

0.02233

11000,

ES

1/N=-NORMAL

0.03073
0.0%9016
0.07540
0.01983

«0.07173
=0 01989

0.05783
0.01166
0.09020
0-12453.

-0.01353

0.06100




-t g o

2 VALUES
«1.35700
=1.25600
~0+89600
-0.84300
~0.48400
-0.2320C
0.08300
0.22100
1.02000
1.23700
125300
1.25400

TABLE A-9 (Continued)

Lilliefor Test Vslues for LS

ROUNDS FIRED =

EXTREME SPREAD

NORMAL VALUES

0.08740
0.10450
0.18510
0.19970
0.31420
0.40820
©.53310
0.58750
0.84610
0.89200
. 0.89490
0.89510

e wnt itk b . skl e 1k
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12000.
ES
NORMAL=(I=1)/N  1/N-NORMAL
0.08740 -0.00406
0.02116 0.06216
0.G1843 0.06490
-0.05030 0.13362
-0.01913 0.10246
~0.00846 0.09180
0.03309 0.05023
0.00416 0.07916
0.17943 -0.09609
0.14199 —0.05866
0.06156 0.02176
~0.02156 0.10490
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TABLE A-10

Lilliefor Test Values for MR
ROUNDS fIRED - 0.
MEAN RADIUS MR
I VALUES  NURMAL VALUES  NORMAL=(1=1)/N  I/N=~NORMAL

[ R pU—

~2.07100
“1.16100
~C.56800
~0.50300
~0.40500
-0.08300
0.27200
0.55400
0.76600
0.83100
0.93000

1.444900

.

0.01929

0.12280

0.28500
0.30750
0.34280
0.46490
0.60720
0.71020
0.77820
0.79130
0.82380
0.92570

0.C1920
003940
0.11833
0.05749
0.00946
G.Q04823
0.10719
0.12686
0.11153
0.04129

-0.0095%3

0.00903

0.06413
0.04386
=0.03499
0.02583
0.07386
0.03510
-0.02386
~0.04353
-0.02819
0.04203
0.09286
0.07430




TABLE A-10 (Continued)

Lilliefor Test Values for MR

ROUNDS FIRED = 1000.
MEAN RADIUS MR
I VALUES  NORMAL VALueS NORMAL=(1=1)/N  1/N=-NORNAL
«1.41900 0.07800 0.07800 0.00533
-1.08900 0.13810 0.0%476 0.02856
-0.96800 0.16650 -0.00016 0.083%0
-0.81500 0.20750 =0.04250 0.12%6)
-0.18700 0.42590 0.09256 «0.00923
-0.18700 0.425%0 0.00923 0.07410
0.21300 0.58440 0.08439 =0.00106
0.41500 0.66100 0.07766 0.00566
0+53300 0.70290 0+03623 0.04710
0,62800 0.73500 ~0.01500 0.09833
0+69900 0473770 ~0.09563 0.17896
2.17600 0.98520 0.068%3 0,01480




2 VALUES
-1.30600
-1.19200
~0.99800
=0,96300
-0, 73500
«0,04800
0.40800
0.56900
0.458300
0.86600
1.35800
1.35800

95

TABLE A-10 (Contimued)

Lilliefor Teat Valuas for MK

RUUNDS FIRED = 2000,
MEAN RADIUS MR

NGAMAL VALUES  NORMAL=(I=11/N  T/N=NORMAL
0.09580 0409580 ~0.,01246
0413750 0.05416 0.02916
0.15920 ~0.00746 0.09080
0416780 -0.08220 0416553
0.23120 -0410213 0.18546
0.48090 0s06423 0.01910
0.65840 0¢15839 ~0.07506
0.71540 0.13206 ~0.04873
0.75270 0.08603 ~0.00269
0.80670 0+ 65669 0402663
0.31280 0.07946 0.00386
0.91280 ~0.00386 0.08720




-l
P

2 VALUES
-1.48900
~0.98300
-0,77500
-0.59900
-0.49100
~0.18400
~0.13800
-0+ 16800
0. 39809
1.39600
1.45000
1.52700

TABLE A-10 (Continued)

“L4111efor Test Values for MR

ROUNDS EIRED o 3000,
MEAN RADIUS MR
NORMAL VALUES NORMAL=tI-1)/N

0.06820 006820
0.16280 0.07946
0.21910 0405243
0.27460 0402459
0.31170 =0.02163
0+42700 0401033
0.44510 =0.C5490
0.45700 -0.12633
0.65470 -0.01196
0.91860 0.16859
0.92650 0.09316
0.93660 0.01993

96

1/N=NORMAL

0.015:3
0.00386
0.03090
0.05%872
0.10496
0.07300
0.13823

- 0.20966

0.09530

-0.08%26
=-0.00983

0.06340




1 VALUES

-1.18200
=-1.,04200
~1.04200
=0.59000
-0.53500

=0.43400

«0.18100
0.29500
0.646300
Q.77300

1444800

1.82800

TABLE A-10 (Uontinued)

Lilliefor Test Vaiues for MR

ROUNDS FIRED « 4000,
MEAN RADIUS MR
NORMAL VALUES  NORMAL=(1=1)/N

0.11860 0.11860
0.14880 0.06546
0. 14880 -0.01786
0.27760 0.02759
0.29640 «0.03693
0.3322¢ “0.08446
0.42820 -0,07180
0.61600 0.03266
0474640 0.073973
0.78040 0403039
092620 0.09266
0.96620 0.04953

1/N=NORMAL
-0.,03526
0.01780
0.10120
0.05373
0.12020
0-16?86
0.1%813
0.0%066
0.00360
0.05%5293
=0.009%3
0.03380




1 VALUES \
-1¢32400

“1.15300

=1e09400
~0.62300
=0.30400
-0.,29300
«0+24500
0.24500
0.80500
1.10400Q
1442400
1.45800

TABLE A-10 {Oontined)

Lilldefor Test Values for MR
ROUNUS FIRED =

MEAN RADIVS
NORMAL VALUES

0.09240
0012440

0e13640

0.,26680

0.38060 -
0«38430

0440320
0.59680
0.78960
0.86520
0.32280
0.92760

MR

0409280
0.04106
~0403026
0401659
0.04726
~0+03) 86
~0409680

3000,

NORMAL=(1=1)/N

0.013406

0.12293

0411519

0408946

0.010982

98

1 /N=NORMAL

=0.00940
0.060220

0.11360

0.06073

093606

0.11520

0.18013
0.06986

«0.039%"

fOoO]‘Bﬁ
=0.,00613

0.07¢40 |




L VALUES
«1:62300

«1.43300
=0.91400
~0.61100
“0.06700
0.05400
0.14500
0.37200
0.40600
0.93300
1.09200
1.64400

LYABLE A«10 (Gontinued)

Lillieror Test Valuen for VR
AOULS FIRED «

MEAN RADIUS
NORMAL VALUESR

0.05230
0.07500
0.18090
0.27060

0.47330

0.%21%0
G.5%770

0.64300

0.65760
0.82460
0.862%0
0.94990

6000,

MR

0.0823%0

-0,C0733

0.01423
€.0205%9
G,1399¢0
0.10483
Ve 03769

Q. 06106

'0.00905

NORMAL=(1=1) /N

0007*59_

0.0291¢
0.03323

1 7N=NURMAL

0.03103
0.09066
0.06910
0+662T3

«0.0368)
-00031~‘

0.02563
0.02166
0.09240
0.00873
0.0%416
0.05010




Z VALUES
~0.$6300
-0.81600
-0.70000
~0+69400
~0.47300
~0.36500
-0.31200
-0.26800
0430100
0.68100
1.21800

2.41300

TABLE A-10 (Contirued)

Lilliefor Test Values for MR

ROUNDS FIRED =

7000,

MEAN RADIUS MR

NORMAL VALUES

0.16280
0.20730
0.24200
0.24390
0.31810
0.35750
0.37750
0.39440
0.61830
0.75200
0.88840

0.99200

NORMAL=(1=1)/N
0.16280
0.12396
0.07533

-0.00610
-0.01523
-0.05916
-0.12250
~0.18893
-0.04836
0.00199
0.05506
0.07533

=0.07946
-0.04063
0.00800
0.08943
0.09856
0.14250
0.20583
0.27226
0.13170

0.08133

0.02826
0.00800

100

I /N=NORMAL




I VALUES
~1.04900
«0.96100
-0.85400
~0+ 76100
-0.72300
~0+ 22600
-0.04600
0.24700
0.60600
0.70400
0.71400
2.37000

4 v\t"ﬂ"h: sy
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TABLE A-10 (contimed)

tilliefor Test Values for MR

ROUNDS FIREL =

MEAN RADIVUS ¥R

0.14710
0.16830

04196060

0.21740
0.23490
0.41050
0.48160
0.59750
0.72770
0.75920
0.76230
0.99110

NORMAL VALUES

0.14710
0.08496
0.02993
~0.03260
~0.,09843
«0.006.6
-0.01840
0.014%6
0.06103
0.00919
-0.07103

0.07643

8000.

NORMAL=~{1=1)/N

101

1/N~NORMAL
~0.06376
~0.00163
0.05340
g.11593
0.18176
0.089%0
0.10173
0.06816

0.02230
0.07413
0.15436

0.00890




2 VALUES

=1.65600
~1;10500
~0.97100
=0.,90600
~0,14300
0.02000
0.06300
014100
1.00800
1.07900
1.17100
1.29100

Bt P YR
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TABLE A-10 (Continued)

Lilliefor Test Values for MR

RUUNDS FIRED =

MEAN RADIUS MR

NORMAL VALUES

0.04830
0.13460
0.16580
0.18250
0.44310
0.50800
0.52750
0.55610
0.84330
0.85970
0.87920
0.90170

NORMAL=-{1~1}/N
0.04890
0.05126

~0.C0086
~0.06750
0.1097¢
0.09133
0.02749
-0.,02723
0.17663
0.10969
0.04586

~0.01496

9000,

e Bk i g "

TR, O v e .

102

1/N-NDRMAL
0.03443
0.03206
0.08420
0.15083
~0.02643
-0.00799
C.05583
0.11056
~0.09330

*0.02636A
0.03746

0.09830

s
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TABLE A-10 (Contirued)

Lilliefor Test Values for MR
ROUNDS FIRED = 10000,
MEAN RADIUS MR
7 VALUES  NORMAL VALUES  HORMAL={I-=1)/N 1 7N~NDRMAL

~1.27200 0.10170 0.1017¢C ~0.01836
~1.21200 0.11270 0.02936 0.0539%
-1.01400 0.15530 -0.01136 0,09470
~0.50500 0.30680 0.05679 0.02653
-0.27300 039240 0.05906 0.02626
-0+20200 0,41990 0.00323 0.08010
0.03400 0.51360 0.,01359 0.06973
0.07400 0.52950 ~0.05383 0.13716
0.33200 0.63010 -0.03656 0.11990
0.78100 0.78260 0.03259 0.05073
114400 0.87360 0.04026 0.04306
2.11400 0.98280 0.06613 0.01720
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TABLE A-10 (Contimed)

Lilliefor Test Values for MR
ROUNDS FIRED = 11000,

MEAN RADIUS MR

M RIS e 3 s,

I VALUES NORMAL VALUE" NORMAL=(1-1)/N I /N=NORMAL

g s ~1.57800 0.05740 0.05740 0.02593
E 5 ~1.53700 0.06220 -0.02113 0.1 1446
?-,: -0.69400 0424390 0.07723 0.00610
1 B -0.56400 0.28640  0.03639  0.04693
~0.13800 0.44510 0.11176 ~0.02843

~0.00800 0.49680 0.08013 0.00320

0.11400 0.54540 0.04539 0.03793

0.31700 0.62440 0.04106 0.04226

0.54700 0.70780 0.04113 0.04220

0.57100  0.71600 ~0.03400 0.11733

1.19400 0.88380 0.05046 0.03286

1. 77600 0.96210 0.04543 0.03790

[N S FENINY AT

PR i, el . il o s TN TN




1 VALUES
-1.51200
=1.27500
=0.95700
-0.81600
-0.20100
=0.18400
=-0.09600
0.63300
0.85900
0.98600
1.21300
1.55300

TABLE A~10 (Contimued)

Lilliefor Test Values for MR
ROUNDS FIRED =

MEAN RADIUS

0.06550
0.10120
0.16930
0.20670
0.42070
0.42700
0.46180
0.73070
0.80590
0.83790
0.88750
0.91200

NORMAL VALUES

MR

0.06550
0.01786
0.00263
~0.04330
0.08736
0.01033
-0.03820
0.14736
0.13833
0.06789
0.05416

'0000‘66

12000.

NORMAL=(I=1)/N

1085

1/N-NORMAL
0.01783
0.06546
0.08070

0.12663
~0.00403
0.07300
0.12153
~0.06403
~0.05499
~0.00456
0.02916
0.08800
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TABLE A-1l

Tolerance Values for EV

EXTREME VERTICAL Ev

ROUNDS FIREUL 0.
GAMMA . ALPHA XBAR=KS XBAR+KS
0.95 0.01 0.4665 €.1205
0.95 0.10 1.6262 4.9609
0.95 0.25 2.2629 443241
0.90 0.0l 0.7502 5.8368
0.90 N.10 1.8103 4.7768
0.90 0.25 2.3972 4.1898
0.75 0.01 1.1426 54645
0.75 G.10 2.0683 4.5188

0.75 0.25 2.589¢ 3.9974

R Ve S m e an i il i e B P eal o Caskbe . . e s
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TABLE A-11l (Gontimued;

Tolerance Values for EV
EXTREME VERTICAL Ev
RUUNDS FIREL 1000,

GAMMA _ ALPHA XBAR=KS XBAR+KS
0.93 0.0l 1.3431 5.0796
0.95  0.10 2.1095 4.3133
0495  G.25 2.5303 3.8924
0.90 0.0} 1.5306 4.8921
0.90  0.10 2.2311 . 41916
0.90  0.2% 2.6190 3.8037
0.75 0.0l 1.7899 4.6329
075 0410 2.4016 4.0211
0.75  0.25 2.7462 3.6766
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TABLE A=11 (Continued)

Toleramce Values for EV
EXTREME VERTICAL EV
ROUNDS FIREL  2000e

3 PR T

GAMMA _ ALPHA XBAR=KS XBAR+KS
0.95 0.0l 1.006% 5.2727
0.95  0.10 1 615 . 3977 i
0.95  0.25  2.3620 3.9173 4
0.90 0.0l 1.2205 5.0587 {
0.90  0.10 2.0204 4.2588 i
0.90  0.25 2.4633 3.8159 4
0.75 0.0l 1.5166 4.7627 f}
0.75  0.10 2.2151 “.0641 1
0.75  0.2% 2.6085 , 3.6708 !
i
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PARLE Aull (Continued)

Tolerance Values for EV
EXTREME VERTICAL gv
ROUNDS FIRED - 3000.

GAMMA . ALPHA ABAR=KS. XBAR+KS
0.9% 0401 0.4498 $.9921
0.95% 0410 1.5865 4.8%54
0.9% 0.25% 2.2107 4.2312
0.90 0.01 0.7278 5,7140
0490 0e10 1.7669 4.6149
0.90 0.25% 2.3423 4,0996
0.75 0.01 1.1124 5.329%
0.75 0.10 2.0199 64,4229

0.7% 0.2% 2.5309 3.9110




TR R

]
i

TABLE A1l (Contimied)

EXTREME VERTICAL

GAMMA

_°b95
0.9%
0.9%

0.90
0.90
0.90

0.75
0.78
0.78

. ALPKA

0.01
0.10
0.29%

0.01
9.10
0.2%

0.01
0.10
C.25

ROUNDS FIREL . 4000,
XBARKS

1.259¢
243677
2.9761

1.5307
2.543%
3.1044

1.90%¢6
2.7901
3.2683

Tolersnce Values for Ev

XBARSKS

6.60621
5.5541
4.9450

6.3910
3.3782
4.817)

6.0162
S.131¢
4.633%

110
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TABLE A-11 (Oontimnued)

Tolerance Values for IV

EXTREME VERTICAL kv

ROUNDS FIREVL $000.
GAMMA . ALPHA XBAR=KS XBAR+KS
0.9% 0.01 0.54481 Teloll
0.93% 0.10 le9V2Y 5.8044
0.9% Ge25 2.6478 5.0594
0.90 0.01 0.8780 6.8292
0.90 0.10 2.1182 $.5890
0.90 Ve25 2.8050 4.9023
0.75 0.01 1.3370 6.3702
Ge?3 010 2.4201 %.2871
0.78 0.2% 3.0300 4.0772
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TABLE A-11 (Gontinued)

Talerance Values for XV

EXTREME VERTICAL ey

ROUNDS FIRED . 4000,
GAMNA | ALPRA XBAR=KS XBAReRS
0.9% 0.01 1 ¥LY K} Te9705
0.9% V.10 2+815%¢ 00447
0.9% 0.2% 3.548)3 3.9134
0.90 c.01 1.8090 7.63%07
0.90 Q.10 3.0200 44333
0.90 Q.28 3.700% 3.7%92
0.7% 0.0} 2:.2%%¢6 7.2001
Q.73 Ge 10 3.3227 61370
.78 0.2% 3.921% 5.538)3

118
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TABLE A=11 (Contimed)

Tolerance Values for IV
EXTREME VERTICAL ev
ROUNDS FIREL = TC00.

GAMMA . ALPHA XBAR=KS XBAReRS
0.9% 0.01 «0. 1452 8.6994
0.9% 0410 1.6487 ¢.083)
0.9% 0.29% 2.004% 5.8092
0.90 0.0} 0.298% 8.25%6
0.90 0e10 " 1.9%87 6. 3974
0.90 0.2% 2.8749 5.0791
0.7% 0.0l 0.9122 T.6419
0.7 U.10 2:360) 6.1937
0.7% 0.2% 3.173¢ $,3732

113
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TABLE A-11l (Corutinied)

Tolerance Values for EV
EXTREME VERTICAL EV
ROUNUS FIREL 8000.

GAMMA . ALPHA XBAR=KS XBAR+KS
0.95 0.01 -0.0791 10.9081
0.95 0410 241743 8.6546
0.95 0.25 3.4117 744172
0.90 0.01 0.4721 10.3568
0.90 - 0.10 2.5320 8.2969
0.90 0.25 3.6727 7.1562
0.75 C.01 1.2345 9.5944
0.75 V.10 3.,0334 1.7955
0.75 Ve25 4,0465 6.7824

.




TABLE A-11 (Continued)

Tolerance Values for EV
EXTREME VERTICAL gV
ROUNDS FIREL %009.

GAMMA  ALPHA XBAR=-KS
0.95 0.01 1.5933
0.95 0.10 3.4630
0.95 0.25 4.4898
0.90 0.01 2.,0507
0.90 0.10 3.7599
0490 0.25 4.7063
0.75 0.01 2.6833
0.75 0.10 4,1759

0.75 0.25 5.0165

XBAR+KS

10.7098
8.8400
7.8133

10.2524
8.9432
705967

9.6198
8.1271
7.2865

115
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TABLE A-11 {Continued)

Tolerance Values for EV
EXTREME VERTICAL Ev

ROUNDS FIRED  1u000.

GAMMA . ALPHA XBAR=KS XBAR+KS
095 3.01 1.7906 12.0200
0.95 0.10 3.8886 9.9220
0.95 0e25 5.0407 847699
0.99 V.01 2.3038 11.5067
0,90 0410 4.2217 9.5889
0.90 0.25 5.2836 8.5269
0.75 0.01 3.0136 10.7969
0.75 0«10 4.6885 9.1221
0.75 0425 5.6317  8.1788

54
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0.95 0e10 3.3192 12.4338
0495 0.25 5.0596 10,6933

TABLE A-ll (continued)
polerance Values for EV
EXTREME VERTICAL EV
ROUNDS FIREL 11000.
| GAMMA . ALPHA XBAR=-KS XBAR+KS
;‘: 0.95 0.01 0.1496 15.6033

0.90 0.01 C.9249 14,8279
0.90 0.10 3.8223 11.9306
0.90 0.25 H.4266 10.3263

0.75 0.0l 1.9973 13,7556
©0.75  0e10 4.5275 11,2254

¥
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TABLE A-11 (Continued)

Tolerance Values for EV
EXTREME VERTICAL EV

ROUNDS FIRED 12000.

GAMMA  ALPHA XBAR=KS
0095 0.01 “303210
0.95 0.10 1.2729
0.95 Ce25 3,71989
0.90 0.01 "2.201?
0.90 0.10 2.0032
0.90 0.25 4.33)0
0075 0.01 "0-6‘!5‘0
Q.75 0.10 3.0267
0.75 0.25 5.0948

XBAR+KS

19.1013
14.5013
11,9753

17.9760
13.7711
11,4426

16.4197
12,7475
10.6794
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TABLE A-12
folerance Values for EH
EXTREME HORIZONTAL EH
ROUNDS FIRED 0.

GAMMA  ALPHA XBAR-KS XBAR+KS
0.95 0.01 0.8719 49755
0.95 0«10 1.7135% 4.1339
095 0e25 2.1787 3.6717
0.90 0.01 1.06778 4.7696
0.90 010 1.86471 4,0303
0.90 0.25 2.2132 3.5742
- 0.75 0.01 1.3625 4.4849
0.7> 0.10 22,0344 3.8130
0.75 0e25 2.4128 33,4346
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TABLE A-12 (Continued)

Tolerance Values for EH

EXTREME HUGRIZONTAL - EH

ROUNDS FIRED 1000,

GAMMA  ALPHA XBAR=KS XDAR¢XS
0.95 0.01 0.573¢% 5.1818
0.95 0.10 1.5187 4.23617
0.9% Ge25 2.03717 3.7177
0.90 0,01 0.8048 4.9500
0.90 0.10 l.6688 4.0866
0.90 0.25 2.1472 3.6082
0.7% 0.01 1.1245 4.6209
0.75 0.10 1.8791 3,8763
0.75% 0.25 2.3040 3.451¢

i

120

AR

PRI G L U LIS S i ERNL RS JECE N

; -




TABLE A-12 (Gontimued)

Tolerance Values for EH
EXTREME HORIZONTAL EH
ROUNDS FIRED . 2000.

TR T ARG, TR, S .
B T W TR VTS . P e T e T PR e

GAMMA . ALPHA XBAR-KS
g 0.95 0.01 1.6540
: 0.95 0.10 2.1615
[ 0.95 0e2% 2.4403
i 0.90 0.01 1.7781
3 0.90 2.10 2.2421
; 0.90 0425 2.4990
i 3 0.75 0.01 1.9499
% 0.75  G.10 2.3551

0.75 0.25 2.5833

XBAR+KS

4.1288
3.6212
3,3425

4.0046
3.5406
3.2837

3.8329
3.4277
3.1995

i
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TABLE A-~l12 (Continued)

Tolerance Values for EH

EXTREME MORIZONTAL
ROUNDS FIREL . 3000.

GAMMA  ALPHA XBAR=KS
0.9% 0.01 0.9555
0.95 0.10 1.7838
0.95 0.25 2.23817
0.90 0.01 l.1581
0.90 0«10 1.9153
0.90 0.25 2,33406
0.75 0.01 1.4384
0.75 0.10 2.099%96
0.75 - 0425 2.4720

¥ SO W

EH

XBAR+KS

©.9943
©.1659
3.7111

4.7916
4.034¢
3.6151

45114
3.8501
3.4777
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TABLE A-l2 (Gontimea)

Ry ey

Ehaad) sl

Tolerance Values for &y

¥

EXTREME HORE20NTAL EH
ROUNDS FIREL «000,

_ Bk £ 32 R
R TG A

GAMMA  ALPHA XSAR~KS KBAR+KS

0.95 Vs01" Q4727 5.989%
0.9% C.10 1.6062 4.858¢
0.95 Ve 25 2.22%5% b.2367

R BT 17 %51
R S Sl g
ot L

0.%90 0.01 0.7495 55,7127
G.90 Gl 1.7834 “.6784
0.90 0.25 2.35%66 %.1057

PP RIRE eV 2
PRt ) c

0.75 0,01 1.1323 5.3299
0.75  0.10 2.0356 4.4206 | §
V.75 Q.25 2.5443 3.9179 -

it i a i
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TABLE A-12 (Qontimed)

Tolerance Values for XH
EXTREME MHURIZONTAL €N
ROUNDS FIRED 5000.
GAMMA  ALPHA X8AR=KS XBAR+KS

0.95 0.01 0.0575 7.8805
0.95 0.10 1.6620 6.2760
0.95 0.25% 2.543) 8.39%0

0.90 0.0} 0.4501 7.4380
0.99 0.10 1.9167 6.0213
0.90 0.29% 2.7289 5.2092

0.75 0.01 0.9929 6.9452
0.75 0.10 2.2737 5.60643
G.75 0.25 2:9951 4.9430
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TABLE A-12 (Oontinued)

Tolerance Values for EN

P I AT D
v et e e T,

EXTREME HORIZONTAL EN

ROUNLS FlREY 6000,
GAMMA ALPHA XBAR-KS XBAR+KS
0.95 G.01 0.4617 843949
0.95 0.10 2.0888 6.7678
.95 0,25 2.9822 $.8743
0.90 0.01 0.8597 T.99648
0.90 0.10 243471 6.5093
B8.90 - Ue25 3.17207 5.6859
0.75 0.01 1.4102 Tebh464
0.75 0.10 207091 6.1475
0.75 0«25 3.44006 S$.4140
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TABLE A-12 (Continued)

Tolerance Values for ER
EXTREME HORT ZONTAL 11,]
ROUNDS FIREDL 1000,

GAMMA . ALPHA XBAR=KS XBAR+KS
0.95% 0.0} -1.,693% 11.3930
0.9% 0.10 0.9904 8.70%90
0.9% 0.2% 2.4643 7.238)
0.90 Q.01 =1.0369 10.7364
0.90 0.10 1.4165% 8.2829
0.90 0«25 2.7715) 6.9243
0.75% 0.0} ‘0012’3 908283
0,75 0.10 2.013p T.68%6
0.75 0.2% 3.220¢4 6.4790
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TAELE A-12 (Oontinued)
#
Tolerance Values for EX "f
EXTREME WORIZONTAL EN ?§
‘ X
ROUNDS FIRED 8000, 413
GAMMA . ALPHA XBAR-KS XBAR+KS %§
0.95  0.01 -1.9055 12.3909 e
0.95  0.10 1.0265 9.4587 il
0.95 0425 2.6367 7.8486 i
W
0.90 0901 -1.1882 11.6736 ‘x
0.90  0.10 1.4920 8.9932 1
0.9C  0.2% 2.9762 7.5090 :
!
0.75  0.01 -0.1962 10,6615 |
0.75  0.10 2.1445 8.3408 !
0.75  0.25 3.4627 7.0225 |
| "
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TABLE A-12 (Continued)

Tolerance Values for EH
EXTREMZ HOKIZONTAL EH
ROUNDS FIRED . 9000.

GAMMA  ALPHA XBAR=KS
0‘95 0.01 '105068
0.95 0.10 . 1.5179
0.95 0.25 3,1789
0090 0-01 "007668
0.90 0.10 1.9981
0.90 0.25 3.5292
0.75 0.01 0.2564
0.75 0.10 2,6711
0.75 0.25 4.0310

XBAR+KS

13.2411
10.2163
8.5554

12.5011
9.7361
8.2051

11.4778
9.0631
7.7032
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TABLE A=-12 (Continued)

Tolerance Values fo2r EH
EXTREME HORIZONTAL EH

ROUNDS FIRED 100060,

GAMMA . ALPHA XBAR=KS XBAR+KS
0.95 0.01  2.6721 12.2944
0.95 0.10 4,.6456 10.3209
0.95 0.25 . 5.7293 9.2372
0.90 0.01 3.1549 11.8116
0.90 0.10 4,9589 10.0076
0.90 0.25 5.9579 9.0087
0.75 0.01 3.8226 11.1440
0.75 0.10 5.3981 9.5685
0.75 0.25 6.2853 8.6813
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TABLE A-12 (Continued)

Tolerance Values for EH

EXTREME HORIZONTAL

GAMMA

0.95
0.95
0.95

0.90
0.90
0.90

0.75
0.75
0.75

. ALPH

0.01
G.10

0.01
0.10
0.25

0.01
0.10
0.25

A

fRad

ROUNDS FIREU

P

11000,
XBAR=~KS

-‘00‘0086
0.6191
3.3800

-3.1786
1.4173
3.9622

"1."776
2.5360
4. 7964

S IV L £ SCRP PRI S SR R

XBAR+KS

20.1054
15.0776
12.3168

18.8754
14,2795
11.7345

17.1744
13.1607
10.9004
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TABLE A~12 (Continued)

Tolerance Values for EH
EXTREME HORJZONTAL EX

-ROUNDLS FIRLL 12000.

1 GAMMA  ALPHA XBAR-KS

i

i 0.95 0.01 -2.4253

z 0.95 0010 1.8904

! 0.95 025 4,2604
C.90 0.01 ~1.3695
0.90 D.10 2.5756
0.90 0¢25 4,7602
0.75 0.0l 0.0905
0,75 0.10 3.5359
0.75 025 54763

1 E = - -
b= Rovhite AR r‘.’ . e
o ;

XBAR+KS

18.6177
14.3018
11.9318

17.5619
13.6166
11.4320

16.1017
12.6563
10.7160
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TABLE A-13 B
Tolerance Values for ES :

}:

EXTREME SPREAD ES g
ROUNDS FIRED 0. };'f'E

GAMMA ALPHA XBAR-KS XBAR+KS

0.9% 0.01 l.4068 6.3673
0.95 0.10 2.4242 5.349¢
0.95 0.2% 2.9828 4.7912

0.90 0.01 1.6557 6.1184
0.90 Yel0 2.5857 5.1884
0.30 0.25 3.1007 4.6734%

SRR R TR UTRITAY R TR PALRSY TATEeATE T o Tt mnemiane s AT A e m e o
. N . - o P -

. Qa5 0.01 1.9999 5.7742
G 75 0.10 2.8121 4.9620
0.75 0.25 3.269%4 4.5046
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TABLE A-l3 (Continusd)

Tolerance Valuees for ES
EXTREME SPREAD ES
ROUNDS FIRED 1000.

GAMMA ALPHA XBAR=-KS XBAR+KS
0.95 0.01 1.2149 6.3782
0.95 0.10 2.2739 5.3192
0.95 0.25 2.8554 4.7377
0.90 C.01 1.4739 6.1i91
0.90 0.10 2.4420 5.1511
0.90 0.25 2.9780 %.6150
0.75 0.01 1.8322 5.7608
0.75 0.10 2.6776 “.9154
0.75 0.25 3.1537 4.439¢4
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TAELE A-13 (Continued)

Tolerance Values for ES

EXTREME SPREAD ES
ROUNDS FIRED 2000.

GAMMA  ALPHA XBAR=KS XBAR+KS
0.95 0.0} 1.9201 5.5518
0.95 0.10 2.6650 4.8069
0.95 0.25 3.0740 %3979
0.90 .0l 2.1023 5.3695
0.90 0.10 2.7832 4.6887
0.90 0.25 3.1602 4.3117
0.75 0.01 23543 5.1176
0.75% 0.10 2+9490 €.5229
0.75 0.25 3.2838 4o.1881
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Table A=l3 (continued)

Tolerance Values for ES
EXTREME SPREAD ES

ROUNDS FIRED 3000.

GAMMA  ALPHA XBAR=KS XBARKS
0.95 0.01 2.3204 5.40668
0.95 0.10 2.,9657 4«,8215
0.95 0.25 3.3201 4.4671
0.90 0.01 2.4783 5.3089
0.90 0.10 3.0682 4.,7190
0.90 0.25 3.39+8 4.3924
0.75 0.01 2.6966 5.0906
C.75 0.10 3.2118 4.5755

0.75 0.25 3.5019 4.28%3
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TABLE A-13 (Continued)

Tolerance Values for ES

EXTREME SPREAD €S

ROUNDS FIREL  4000.
GAMMA  ALPHA XBAR=KS XBAR+KS
0.95  0.01 0.8671 8.3138
0.95 .10 2.4103 6.7906
0.95  0.25 3.2467 5.9542
0.90  0.01 1.2598 7.9411
0.90 0410 2.6521 6.5488
0.90  0.25 3.4231 5.7778
0,75 0401 1.7751 7.4258
0.75  0.10 2.9911 6.2098
0.75  0.25 3.6758 545251
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TABLE A=13 (Continued;

Tolerance Valuee for ES
EXTREME SPREAV ES
ROUNDS FIRED $000.

GAMMA ALPHA XBAR=KS XQAR*KS
0.95% 0.01 0.5838% 9.5715
0.9% 0.10 2.4309 7.7291
0.95 0.25% 34426 6.TLT4
0.90 0.0l 1.0392 9.,1208
0.90 0.10 20723" TebdnT
0.90 0.25 3.6560 be 0N Y
0.75 0.01 1.6626 8.4975
0.75 0.10 3.,1334 7.0267
0.75 N.25 3.9616 6.1984

o 8 oo
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TABLE A-13 (Contimued)

Tolerance Value¢s for ES L
EXTREME SPREAD ES
ROUNDS FIREL  ¢L00.

GAMMA ALPHA XBAR=KS XBAR+KS
0.95 V.01 2.1642 9.5585
0.9% 0.10 3.6808 8.0420
0.95 Ve25 4.5135 T.2092
0.90 0.01 2.5352 9.1875
0.90 0.10 3.9215 7.8012
0.90 0.25 4.6892 7.0336
0.7> 0.01 3.0483 8.6745
0.75 0.10 4©.2590 T.4638
0.75 0.25 4.9408 6.7820

S e v a .
R Ry AT A . o’ Hlacabdod AL Ly e

e - el Lo R . '
. L — Dt s s e —— it i .y




el

8

139 §

§

i

§

t

TABLE A-13 (Contimued) ]

Tolerance Values for ES i

| t
é EXTREME SPREAD ES 1P
} * |
E ROUNDS FIRED  7000. a1
GAMMA  ALPHA XBAR=KS XBAR+KS 3 |

? 0.95 0.0l -0.3964 11.8333 |

| 0.95 010 2.1124 9.3273 '

0.95 - .25 3.4901 7.9496

0.90 0.01 0.2172 11.2225
¢.90 0.10 2.5107 8.9291
0.90 0.25 3.7806 7.6591

R A e ab)

' 0.7% 0.01 1.0661 10,3737
T | . 0.15 0.10 3.0689 8.3708
3 0.75 0.25 4.1966 7.2428
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TABLE A-12 (Qontimu:d)

\ Tolerancs Values for ES

EXTREME SPREAD €S
ROUNDS FIRED 8000.

GAMMA  ALPHA XBAR=KS XBAR+KS
; 0.9% 0.0l ~1.0375 14,3520
; 0.9% 0.10 2.1188 11.19%6
: 0.9% 0.25 3,8%20 9.,4624
0.90 0.01 -0.2653 13.5798
0.90 0.10 2.6199 10,6945
0.90 0.25 4.2175 9.0969
0.7% 0.01 0.,8024 °  12.5120
0.75 0.10 3.3222 9.9922
0.75 0.25 4,7412 8.5732
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TABLE A-13 (Contirmed)

Tolerance Values for £3
EXTREME SPREAD £ES
ROUNDS FIRED 9C00.

GAMMA  .ALPHA XBAR=KS XBAR+KS

0.95 0.01 1.5495 13.3314

095 0el0 3.96%9 10.9149

0.95 025 5.2929 9.5880

3 0.90 0.01 2.1407 12,7402

“ ' 0090 0.10 ‘0.3“96 1005313

5 0.90 0425 $.5727 9.3082
;

3 0.75 0.01 2.9582 11.9227

A 0.75 0.10 4.8872 9.9937

0.75 0.25 5.9736 8.9073
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TABLE A-13 (Contimued)

Tolerance Values for ES
EXTREME SPREAD ES
ROUNDS FIRED 10000

GAMMA ALPHA XBAR-KS
0.95 0.01 4. 0997
0.95 0.10 6.0872
0.95 0e25 7.1786
.90 0.01 4.5859
0.90 0.10 6.4027
0.90 0,25 7.4088
0.75 0.01 5.2583
0475 0.10 6.8450
0.75 0.25 7.7385

XBAR+KS

13.7904
11.8029
10.7114

13,3042
11.4873
10.4813

12.6317
11.0451
10.1515

142




TABLE A-13 (Continued)
b

K

e Tolerance Values for ES
;

: EXTREME SPREAD €S

ROUNOS FIRED 11000,
GAMMA  ALPHA XBAR-KS
0.95 0001 "109362

B 0.95  0.10 2.9974
§ 0.95  0.25 5.7066
¢
4

e e e i

0.0 0.0l -0.7292
0.90 .10 3.7807
0.99  0.25 6.2780

. " 0.75 0.01 0.9399
, © 0415 Ge10 4.878%

et~ R R .

B e VN AP Sy PR AP SRR

XBAR+KS

22,1192
17.1855
14.4762

20.9122
16.4022
13.9049

19.2450
15.3044
13.0863
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TABLE A-13 (Continued)

Tolerance Values for ES
EXTREME SPREAD ES
ROUNDS FIREL 12000,
GAMMA  ALPHA XBAR=KS
0495 0.01 ~3.0928

0.95 0.10 2.2929
095 0.25 5.2504

0.90 0.01 ~1.7753
0.90 0.10 3.1479
0.90 0.2% 5.8741

0.75 0.01 0.0468
0.75 0.10 443463
0.75 0.25 6.7677

XBAR+KS

23.1670
17.7812
14.8237

21.8494
16.9261
14.1999

20.0273
15.7277
13.3064
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TABLE A-1%4

Tolerance Values for MR
MEAN RADIUS MK
ROUNDS FIRED 0.
GAMMA  ALPHA XBAR=-KS XBAR+KS

0.95 0401 0.4301 1.9456 |
0.95 G.10 0.7409 1.6348 |
|

| 095 0.25 0.9116 le4b64)
i <
P 0.50 0401 0.5061 1.8696

g 0.90 0.10 0.7903 1.5855
S 0.90 6.25 0.9476 1.4281 |
3 )
; éif 0.75 0.01 0.6113 1.7644

b 0.75  0.10 0.859¢4 1.5163 i
8 0.75  0.25 0.9992 1.3766 |

, |
P !
3 v

3 A

3 3
® i

. 3
b |
3 i
. i
\ i
1
i
g s
, :
q
]
1
1
1
Al
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0.95
0.95
0.95
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Lo

0.90
0.90
0.90

3
3
h
.

0.75
0.75
0.75%
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Tolerance Values for MR
MEAN RADIUS MR
RUUNDS FIREL . 1000.
GAMMA

i pwon. Wher 7 8 S e R

hen b ey b e bk MO i ik —

TABLE A-l4 (Continued)

ALPHA XBAR-KS XBAR+KS

0.01 0.1302 2.2414
0.10 0.5632 1.8084
V.25 0.8010 1.5706

V.01 0.2361 2.1354
0.10 0.6319 1.7396
0.25 0.8511 1.5205

0.01 C.3826 1.9890
0.10 0.7283 l.6433
0.25 0.9229 l.4486
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TABLE A-l4 (Oontinued)

Tolerance Values for MR
MEAN RADIUS MR

ROUNDS FIREUL 2000.

GAMMA ALPHA XBAR=KS
0,995 0.01 0.6427
0.95 0.10 0.9770
0.95 0e25 1.0508
0.90 0.01 0.8755
0.90 0.10 0.9983
0.90 0.25 1.0664
0.75 0.01 0.9210
0.75 0e10 1.0282
0.75 0.25 1.0886

A A S A W

e e davad atea
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XBAR+KS

14977
1.3634
1.2896

1.4649
1.3421
1.2740

1.4194
l.3122
1.2518




1} TAELE A-14 (Contimued)

Tolerance Values for MR

MEAN RADIUS . MR
ROUNDS FIKEL 3000,
I GAMMA  ALPHA ABAR=K S
-
B 0.95 0.01 0.6959
; 0.95 0.10 08962
: 1 - 095 0e25 1.0061
B 0.90  0.01 0.744¢
. 0.90 Ge25 1.0293
3 0.75  u.01 C.8127
¢ 0.75 Ca10 0.9725
: 0.75 0.25 1.0625

e R el R TSN N

XKBAR+KS

1.6721
l.4719
1.3620

1.623]
1.440]
1.3388

1.5554
1.3956
1.3056
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TABLE A-14 (Contirmead)

Tolerance Values for MR
MEAN RADIUS MR

ROUNDS FIREUL «000.

GAMMA ALPHA XBAR-KS
0.95 0.01 0.455¢6
0.95 .10 0.8195
0.95 V.25 1.019¢
0.90 0.01 0.5446
0.90 0.10 0.6773
0.90 0.25 1.0616
0.75 0.01 0.6678
0.75 .10 0.9583
0.75 0.25 1.1219
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XBAR+KS

242301
1.8662
1.6663

2.11411
108")8"
1.6242

2.0180
1.7274
1.5638
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TABLE A-l4 (Continued)

Tolerance Values for MR
MEAN RADIUS MR
ROUNDS FIRCD 5000.

GAMMA ALPHA XBAR~-KS XBAR+KS
C.95 0.01 0.4212 2.6017
0.95 0.19 C.8684 £413545
0.95 0.35 1.1140 1.9089
0.90 C.01 0.5306 244923
0.90 J.10 0.9394 2.€835
0.90 0e25 1.1658 1.8571
0.75 0.0} 0.6819 243410
0.7% 0.10 1.0389 1.9840
0.75 0.25 1.2400 L.7829
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TABLE A-14 (Contimed)

Tolerance Values for MR
MEAN RADIUS MR
ROUNDS FIRED 6000.

GAMMA ALPHA XBAR=KS XBAR+KS
0.9% 0.01 0.6120 2.8277
0.95% 010 1.0665 2.3733
0.95 0.25 1.3160 2.1237
0.90 0.01 0.7232 2.7165
0.90 0.10 1.1386 2.3011
0.90 0.25 1.3686 2.0711
0.75 0.01 0.8769 2.5628
0.75% 0.10 1.2397 2.2000
0.75 0.25 le4440 1.9957
= e
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TABLE A~l4 (Continued)

Tolerance Values for MR
MEAN RADILS MR

RUUNDS FIREU 7000.

GAMMA ALPHA XBAK=KS XBAR+KS
0095 0001 ‘002261 3.6409
0.95 0e10 0.5670 2.847H
0.95 0.25 1.0025 2.4122
0.90 Va0l -0.0320 34469
0.90 G.10 0.6929 2.7219
0.90 025 1.0943 2.3204
0.75 0.01 0.2362 3.1785
Ve?5 V.10 0.8694 24.5454
0.75% V.25 1.2259 2.1883
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TABLE A-14 (Continued)

Tolerance Values for Mt
MEAN RADIUS MR

‘ROUNDS FIREL 8000,

GAMMA ALPHA XBAR-KS XBAR+KS
0.95 001 =0.4929 4.6347
0.95 Gel0 0.5587 3.5831
0.95 Ved5 l.1362 3.0056
0.90 0.01 -0.23%6 4.3775
0.90 0.10 0.72506 3.4161
0.90 0.25 1.2580 2.8838
0.75% 0.01 0.1201 4.0217
0.75 0.10 0.9%96 3.1821
0.75 .25 14325 2.7093
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TABLE A-14 (Continued)

= e T

Tolerance Values for MR
MEAN RADIUS MR

e ———c e i

ROUNDS FiIREL %000,

é GAMMA  ALPHA XBAR=KS XBAR+KS
E 0.95  0.01 0.2119 ¢.3377
g 095  0.10 1.0581 3.4915
g 0.95 0. 28 1.5227 3.0268
; 0.90  o0.0] 0.4189 ©.1307
k 090  5.10 1.1924 3.3572
b 0.90  o0.25 1.6207 2.9288
Y 0,75 Q.01 0.7052 3.8444

; Ce?s  0.10 1.3807 3.1689
| 0.75  g.25 1.7611 2.7884
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TAELE A=14 (Continued)

Tolerance Values for MR
MEAN RADIUS MR
ROUMDS FIREL 10000.

GAMMA ALPHA XBAR=KS XBAR+KS
0.95 0.01 0.8465 4.6301
0.95 0.10 1.6225 3.8541
0.9% 0.25 2.04806 3.4280
0.90 0.01 1.0363 4.4403
0,90 0.10 1. 7457 3.7309
0.90 Q.25 2.1385 3.3381
0.75 0.01 1.2988 41777
0.75 0.10 1.9183 3.5582
0.75 0.25 2.26172 3.2093
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TARLE A-14 (Contimed)

Tolerance Values for MR
MEAN RADIUS MR

ROUNDS FIREUL 11000,

0095 0001 ‘0.6306
0.95 0.10 0.9071
0.95 0.25 1.7515

0.90 0.01 -0.254¢
0.90 0.10 1.1512
0.90 0.25 1.929¢

__ T T ™ A L R oS T P AT o a3
TR N W YR S (RO ) RO I .

0.75 0.01 0.2657
0.75 0.10 1.493¢
0.75 0.25 2.1847

I P R R T S o

TR
-

TN e At i et o ALy e e b e

LT e aah ey | ho

GAMMA ALPHA XBAR~-KS XBAR+KS

6.8671
563293
4.4849

6.4909
5.0852
4.3068

5.9707
4.7430
4.0517

Vs P2 Tk ey Dt i et b S s S S K D AL ada tiadRY
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TAELE A-l4 (Continued)

Ein A LA S

Tolerance Values for MR

MEAN RADIUS MR '

P AT TR WIS R AT

E ROUNDS FIREL 12000
% GAMMA  ALPHA XBAR=KS XBAR+KS

: 0.95 0.01 -0.7400 6.9592
: 0.95 0.10 0.6390 5.3801

0.95 0.25 1.7061 4,5130
] 0.90 0.0l -0.3537 6.5729

3 0.90  0.10 1.0897 5.1294
i 0,90 0«25 1.8890 4.3301

T I 5 By B N s e S K i .

& Ce75 0.01 0.1804 6.0387
= T 075 0.10 14410 4,7780
¥ 0.75 0.25 2.1510 4,0681
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APPENDIX B
Calculation of the Critical Values

When a value of a measure of dispersion is known,

the #xpected value for any other measure can be found by
multipling the known value times the ratio of mean values
for the two measures, The mean value for the mean radius
(MR) 1s equal to 1,189. The mean value for the extreme

] y spreed (ES) is 3.805, and the mean value for the extreme
g horizontal (EH) and the extreme vertical (EV) is 3.078.
{

These values were extracted from Tables 2, 5, and 6 of

f u Grubbs (4) for sample size equal to ten, The critical
S values used in this report are caloulated below, where
‘the known value 1s the limit of ES * .ich 18 equal to

¥

geven 1inches,

E(MR) = 7.00 ( 1.189/3.£06 )
E(MR) = 2.187 inches

E(EH)

E(EV) = 7.00 ( 3.078,/3.805 )

E(EH) = E(EV) = 5.663 inches
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